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Stormwater runoff is a major environmental concern, particularly in urban
environments. Trends in managing stormwater have evolved (and continue to evolve)
from a quantity only approach into a sustainable approach, which integrates quantity,
quality, the environment, and aesthetics. Best management practices (BMPs) and Low
Impact Development (LID) are two well-documented techniques capable of managing to
sustainable standards. There are a number of stormwater models available to design
professionals today. However, there are few which integrate site-scale BMP/LID
analysis in a simplified fashion.
The purpose of this study is to determine if there is a demand in the design
profession for simplified stormwater modeling tools to help designers make informed
decisions about integrating BMP/LID strategies into site plans. A Web-based
questionnaire was administered to a group of design professionals to determine their

knowledge of BMPs and their technological needs and preferences in meeting stormwater
goals and requirements.
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CHAPTER 1
INTRODUCTION

1.1 Introduction
Stormwater runoff is a major environmental concern, particularly in urban
environments. As natural land is converted to impervious surfaces, its natural ability to
capture, store, and infiltrate stormwater runoff is reduced. As a result, the volume and
timing of runoff is changed, pollutants are collected from impervious surfaces, and
receiving waters downstream are adversely impacted (Hinman 2005). Throughout
history, stormwater solutions have been designed to manage for water quantity to prevent
flooding. However, the current trend in stormwater management has evolved (and is
continually evolving) from a quantity only approach into a sustainable approach, which
integrates quantity, quality, the environment, and aesthetics (Debo and Reese 2003;
Holman-Dodds 2007; Echols 2008; U.S. EPA 2008).
Throughout history, trends in stormwater management have evolved to changes in
technological advancements, societal perspectives, environmental concern, and
governmental requirements. Hydrological methods and models for calculating
stormwater runoff and pollutant loads from developed areas have evolved parallel to
advancements in technology. As a result, there are numerous stormwater models
available to designers today. However, many of these models have become so advanced
1

that they are too complex for the typical design professional1 interested in site-scale
analysis of stormwater runoff. Thus, many design professionals choose to utilize much
simpler, manual methods for designing stormwater solutions. Despite their popularity
and wide-acceptance, these methods can often be tedious and limited in their capabilities.
As environmental awareness and governmental regulations on stormwater
continue to evolve, design professionals will continually be challenged to meet these
requirements. Best management practices (BMPs) and Low Impact Development (LID)
are two well-documented stormwater management strategies that are not only capable of
satisfying these requirements, but also adding countless environmental, ecological, and
aesthetic benefits to the built environment (Debo and Reese 2003; Holman-Dodds 2007;
Echols 2008). Despite the magnitude of methods and models available to designers
today, there are few, if any, that incorporate BMP/LID methodologies in a simplified
fashion.
The purpose of this study is to identify current trends and future demands of
design professionals in meeting evolving stormwater trends and requirements. To
accomplish this, a BMP perception and technological needs survey was developed and
administered to a group of design professionals. Using the results of this study, the
researcher offers recommendations for the development of simplified stormwater
modeling tools applicable to design professionals at the site-scale.

1

The term design professional is used throughout this study to describe civil and environmental
engineers, landscape architects, and related professionals who are involved in land planning and site design
practices.

2

1.2 Goal and Objectives
The main goal of this study is to determine if there is a demand in the design
profession for simplified stormwater modeling tools to help designers make informed
decisions about integrating BMP/LID strategies into site plans. Four objectives have
been defined to meet this goal:
1. Conduct a literature review to determine the current trends and future
demands in stormwater management and modeling.
2. Develop and administer a survey to design professionals to determine their
perceptions and adoptions of BMPs and their technological needs and
preferences in meeting stormwater requirements.
3. Analyze the data to identify trends in stormwater management and design
professionals’ technological needs and preferences in managing stormwater.
4. Make conclusions and recommendations based on relevant literature and
survey responses for the future development of simplified stormwater
modeling tools.

1.3 Scope of this Study
The purpose of this study is to gain a better understanding of the current trends in
stormwater management and the future demands of design professionals in meeting
stormwater goals and requirements. The scope of the study specifically focuses on sitescale stormwater management in the urban context. The literature review conducted as
part of this study represents the profession on a national basis, while the questionnaire is
limited in scope to design professionals within the Northern Gulf Institute (NGI) region.
3

1.4 Northern Gulf Institute
In 2006, the National Oceanic and Atmospheric Administrations’ (NOAA) Office
of Oceanic and Atmospheric Research authorized the creation of the Northern Gulf
Institute (NGI), a collaboration of five research institutions created to support research
relevant to the Northern Gulf of Mexico region. This region encompasses upland,
watershed, coastal zone, and coastal ocean areas from the Sabine River in Louisiana east
to the Suwannee River in Florida. NGI research includes four scientific themes:
Ecosystem Management, Geospatial Data Integration and Visualization in Environmental
Science, Climate Change and Climate Variability Effects on Regional Ecosystems, and
Coastal Hazards. The initiative is led by Mississippi State University and includes the
University of Southern Mississippi, Louisiana State University, Florida State University,
and the Dauphin Island Sea Lab (NGI 2009). The Northern Gulf of Mexico region was
selected as the target study area of this study, because of ongoing research with NGI.

1.5 Precedent to Study

1.5.1 An Overview of Latis
Latis2 is a Decision Support System (DSS) tool developed in 2005 through
collaborative efforts between the Department of Civil and Environmental Engineering,
the Department of Landscape Architecture, and GeoResources Institute (GRI) at
Mississippi State University (MSU). Latis is a collection of tools which allows users to
“balance watershed protection with smart growth/low impact site development strategies”

2

Latis is the Celtic goddess of clean water and ale.

4

(Wilkerson et al. 2004). Latis was designed to exist as a public domain tool and include
the following components:
•

standard hydrologic modeling engine

•

connections to standard GIS and CAD

•

BMP/LID database

•

simple graphical user interface

Figure 1.1 illustrates a schematic of the tools which comprise Latis (Wilkerson et al.
2007).

Figure 1.1.

Schematic of the components comprising the Latis DSS tool. Source:
Wilkerson et al. 2007.

Hydrologic modeling in Latis requires the use of the Hydrologic Simulation
Program – Fortran (HSPF). At the time of this development, EPA’s supported version of
5

HSPF (WinHSPF) was packaged with EPA’s Better Assessment Science Integrating
point and Non-point Sources (BASINS) analysis system. Both WinHSPF and BASINS
(version 3.1) are open source, Windows-based products available through EPA.
However, at the time of development BASINS required proprietary GIS software ESRI
ArcView 3.x. Even though ArcView 3.x requires a software license, it was selected as
the GIS interface for Latis because of its capability to connect BMP data to HSPF and
BASINS. A literature review was conducted to identify available BMP/LID stormwater
techniques to be included in the DSS tool. Data for these techniques were organized in a
Microsoft Excel spreadsheet. This database contains information including pollutant
removal efficiencies, implementation and maintenance costs, and infiltration rates of
various BMP/LID strategies (Wilkerson et al. 2004).
Version 1.0 of Latis proposed a graphical user interface developed by Dynamic
Solutions, LLC. This interface would allow the user to create, edit, and display HSPF
model networks. Latis was tested on three test sites including an existing industrial site, a
proposed commercial site, and a proposed industrial mega-site. The DSS tool was also
peer reviewed in 2005 to gather feedback on its usability (Wilkerson et al. 2007).

1.5.2 Peer Review of Latis
On March 23, 2005 a peer review of Latis was conducted. The review consisted
of twelve individuals – six MSU researchers, two private sector engineers, two nongovernmental organization (NGO) individuals, and two individuals from state regulatory
agencies. Results from the peer review, in ranked order, included (Wilkerson et al.
2007):
6

1. Make the product more user-friendly/integrate the information/product.
2. Show the benefits/make the benefits more explicit – give incentive to use the
program. Illustrate how it supports meeting permitting requirements.
3. Validate the model.
4. Define target markets (who) – regional? beyond?
5. Standardize costs – (National Standard Database), include traditional design
cost estimates.
6. Improve estimates of BMP removals/efficiencies as related to construction.
7. Make comparisons (cost/benefits) easy.
8. Integrate with CAD and/or GIS.
9. Relate to CWP regulations or recommendations.
10. Post audit studies.
11. Add effects of upstream runoff to model.
12. Tie into Green Design.

1.5.3 Conclusions from Latis
The basic objectives in developing Latis were met, but several limitations would
hinder its acceptance in the design profession. The researchers, developers, and
reviewers of the DSS tool concluded that Latis Version 1.0 lacked user-friendliness and
connectivity between its individual components. The developers concluded that the
application of Latis on a test site “required several manual processing steps that made the
process cumbersome and ill-suited for widespread adoption” (Wilkerson et al. 2004).
The BMP database lacked detailed information on removal efficiencies and costing. The
7

range of removal efficiencies for each BMP type varied significantly between sources.
The process of linking BMP cost data with ESRI ArcView proved to be complicated. In
addition, ArcView is not a public domain package. Due to the fact that Latis involves the
use of external components (HSPF and ArcView), application of the tool requires
additional knowledge of these supporting programs. As a result of these shortcomings,
the developers concluded that Latis is not well-suited for the typical end-user (Wilkerson
et al. 2007).

1.6 Initiation of this Study
The Latis DSS tool developed in 2005 initiated the concept of this study. Based
on the peer review of Latis and the complexity of its individual components (HSPF and
ArcView), the researcher sought to review current literature to determine the current
trends in stormwater management and modeling. In addition, the researcher sought to
assess design professionals’ knowledge of BMPs and their technological needs and
preferences in meeting stormwater goals and requirements. Using the results of this
study, the researcher offers recommendations for the future development of stormwater
modeling tools applicable to design professionals.

1.7 Organization of Thesis
The remainder of this thesis is organized into the following chapters: Literature
Review, Methodology, Results, Discussion, and Conclusions. The Literature Review
examines existing literature related to stormwater management and modeling and
conducting surveys. The Methodology chapter discusses the development and
distribution of a Web-based questionnaire aimed at assessing the needs of design
8

professionals in managing stormwater. The Results chapter presents the initial results of
the survey as well as cross tabulation analyses. The Discussion chapter discusses the
results of the survey and their relationship to the literature findings. The final chapter,
Conclusions, presents the overall conclusions based on the results of this study. The
Conclusions chapter also presents recommendations for the future development of
simplified stormwater modeling tools to assist design professionals in implementing
BMP/LID strategies into site plans.

9

CHAPTER 2
LITERATURE REVIEW

2.1 Introduction
A literature review was conducted to gain a better understanding of the topics
related to this study. This chapter includes the following reviews: history and evolution
of stormwater management, an overview of common methods and models, and research
methods. The history and evolution of stormwater management was conducted to gain a
better understanding of the current trends and future demands in stormwater management
and modeling. An overview of methods and models is included to describe the popular
techniques available to designers today. A review of surveying research methods was
conducted to identify the proper techniques for conducting successful survey research.

2.2 History and Evolution of Stormwater Management

2.2.1 Introduction
In the United States, stormwater management has evolved through patterns of
social change, from exploration, to cultivation, to industrialization, to urbanization, to
gentrification (or a “green” environment). Thomas Debo and Andrew Reese describe the
evolution of stormwater management in the United States through their interpretation of

10

stormwater paradigms.3 Their nine paradigms of stormwater management include (Debo
and Reese 2003):
1. Run it in Ditches
2. Run it in Pipes
3. Run it in Stormwater Pipes
4. Keep it from Stormwater Pipes
5. Well, Just Do Not Cause Flooding
6. Do Not Pollute
7. It is the Ecology
8. Water is Water is Watershed
9. Green and Bear it
Many of these paradigms describe the advancements made during the nineteenth century,
while others explain those of the twentieth century. Burian et al. (1999) provide a similar
perception of the advances in stormwater management in the United States. Their
summary includes eight categories of advancements made during the 1800s and 1900s
(Burian et al. 1999):
1. Improvements in Sewer Design and Construction Practices
2. Comprehensive Sewer-System Design
3. Combined- Versus Separate-Sewer Systems
4. Identification of Waterborne Diseases
5. Treatment of Wastewater
6. Advances in Urban Hydrology
3

A paradigm is the generally accepted perspective of a particular discipline at a given time.
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7. Technical Tools and Design Methods
8. Environmental Awareness and Receiving-Water Impacts
A combination of the themes from Debo and Reese (2003) and Burian et al.
(1999) will be used in the following sections to highlight the historical advancements of
stormwater management in the United States. Studying the history of stormwater
practices provides a basis for understanding stormwater management today.
Understanding the evolution of stormwater management in the United States can allow us
to improve upon previous methods and to develop and implement more sustainable
approaches today. This review highlights the influences that society, technology, and
legislation have had on the evolution of stormwater from a traditional to more sustainable
approach that is evolving today.

2.2.2 Eighteenth Century
The origins of stormwater management can be traced back as early as the
drainage and sewer systems of ancient civilizations. However, the first large-scale
stormwater systems did not appear in North America until the colonial era. During the
early eighteenth century, surface and subsurface drainage systems were constructed in
many New England cities including Boston, Philadelphia, and New York. Boston
constructed a skillfully designed infrastructure system, which included crowned roads
with gutters and the first underground sewer systems. These underground systems gained
extreme popularity throughout the New England cities and initiated the development of a
number of similar sewer systems. Drainage systems of this period were implemented on
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an as-needed basis to mitigate the impacts of flooding and nuisance conditions (Burian
and Edwards 2002).

2.2.3 Nineteenth Century
The concepts of hydrology and evidence of stormwater management were not
extensive until the 1800s in the United States (Debo and Reese 2003). From the
eighteenth century and into the nineteenth century, the United States experienced many
of the same flooding and pollution challenges in managing stormwater as the European
civilizations had years before. However, with plentiful lakes, rivers, and streams to
dispose stormwater and sewage, the United States was slow to develop comprehensive
drainage systems (Gibney and Keil 2006).

2.2.3.1 Stormwater in Ditches
The first paradigm of Debo and Reese (2003), “Run it in Ditches,” summarizes
the initial stormwater management techniques used at this point in history. Much of the
literature regards this period as “the birth of stormwater management” in the United
States. Early settlers in the United States developed ditch systems to manage stormwater
in the cities – the same way it was done in agricultural fields. The methods used for
sizing drainage ditches and culverts for roads and railroads were quite interesting. Some
sources say that many of these stormwater solutions were sized according to “the time it
took a horse rider to traverse the watershed perimeter – sort of a human planimeter”
(Debo and Reese 2003, 1). As urbanization increased, stormwater spilled into the streets
and became a nuisance, initiating a new paradigm (Debo and Reese 2003).
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2.2.3.2 Comprehensive Sewer-System Design
The second paradigm, “Run it in Pipes,” covers much of the second half the
nineteenth century. To solve the problem of stormwater flooding in the streets, major
cities constructed piped conveyance systems known as sewers. Stormwater runoff, as
well as sewage, was diverted into these pipes and directed “safely and efficiently” into
the nearest stream. These types of systems are known today as combined sewer systems.
At this point in history, plagues convinced many cities to switch from well water to
surface water sources. Water from upstream waste discharges contaminated the streams,
which was ingested by downstream dwellers. It was not until the turn of the century that
cities realized that treating the “clean” stormwater runoff was uneconomical (Debo and
Reese 2003). According to the Burian et al., stormwater management was implemented
to prevent nuisance conditions, and it is now apparent that recreational and ecological
impacts to waterbodies downstream were ignored (Burian et al. 1999).
Influenced primarily by social change, stormwater management evolved from
removal of a nuisance to a primary municipal concern. Scientific evidence linking health
epidemics to sewage discharge is believed to be one of the primary factors driving the
change in public perspective (Burian and Edwards 2002). Plagues spread throughout
major cities, such as Memphis and Chicago, due to contaminated water supplies (Gibney
and Keil 2006). Through strong public support, municipalities initiated the development
of comprehensive sewer systems in many large cities throughout the United States
(Burian and Edwards 2002). According to some sources, the first comprehensive sewer
system was designed for the city of Chicago in 1858 by E. Sylvester Chesbrough. His
design was influenced by solicited public proposals and the previously built systems of
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the New England cities (New York, Boston, and Philadelphia) and European cities
including London and Paris (Burian et al. 1999). About the same time another
comprehensive sewer system was designed by Julius W. Adams in Brooklyn.
Construction of these complex sewer systems continued throughout the 1880s. Burian et
al. claims that the sewer system designed by Adams was probably “the most influential of
his day” (Burian et al. 1999, 7). In fact, Adams’ published article in 1880, “Sewers and
Drains for Populous Districts” in the Transactions of the American Society of Civil
Engineers guided the designs of many engineers for the following 25 years (Burian et al.
1999).
Throughout the 1800s, many comprehensive sewer system designs in the United
States were based on empirical data obtained from European practice. The first
engineering calculations in drainage design were based on these empirical relationships.
Roe’s Table was one of the more popular methods for sewer system design of this period.
This approach used a table of empirical data obtained from sewer observations in
London. The table included sewer sizing values as a function of catchment area,
precipitation, and slope. However, the differences in climatology and geography between
Europe and the United States often led to inadequately designed sewer systems. As a
result, sewage design throughout most of 19th century America developed through a
trial-and-error approach rather than experimentation (Burian et al. 1999; Burian and
Edwards 2002).
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2.2.3.3 Combined- Versus Separate-Sewer Systems
The “Run it in Stormwater Pipes” paradigm evolved shortly after the deficiencies
in combined-sewer systems and extends into the twentieth century. Two of the earliest
advocates in the United States for separate sewerage were made by Bourne in 1866 for
reasons of sanitation and by George E. Waring, Jr. through his publications in 1873,
1875, and 1879. Waring’s proposal of a separate sewer system emphasized economic
and public health advantages (Burian et al. 1999; Burian and Edwards 2002). According
to Tarr (1979) as quoted in Burian et al. (1999), the main deciding factor on which
system to use (combined or separate) was influenced by the “newness” of the existing
sewer system. Despite the support of separate systems by many individuals, sewer
systems were usually combined because (Tarr 1979):
1. There was no European precedent for successful separate systems.
2. There was a belief that combined systems were cheaper to build than a
complete separate system.
3. Engineers were not convinced that agricultural use of separate-sanitary
wastewater was viable.
In 1880, under direction of the U.S. National Board of Health, an American
engineer named Rudolph Hering visited Europe to investigate their sewerage practices.
Hering’s report (1881) recommended a decision-model for choosing combined versus
separate systems. His model recommended the use of combined systems in highlydeveloped or developing areas and separate systems in more rural areas. Despite
Hering’s findings, his method was not accepted until the end of the century, when
combined-sewer systems were used in most urban areas. Hering’s model held true until
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the 1930s and 1940s, when increased population yielded excessive waste loads and a
demand for costly new systems (Burian et al. 1999). This “population density” approach
guides many municipalities in the requirements of many water regulations today.

2.2.3.4 Urban Hydrology
The second half of the 1800s marks the beginning of engineers first attempt to
predict the flows that could be expected from rainfall events, many of which are still used
today (Maidment 1993; Burian et al. 1999; Beven 2001). The majority of the literature
regards Irish engineer, Thomas James Mulvaney, as the founder of mathematical
modeling, or rainfall-runoff modeling (Beven 2001; Singh and Woolhiser 2002).
Mulvaney’s equation, published in 1851, used variables for catchment area (A), average
rainfall intensity (R), and an empirical coefficient or parameter (C) for estimating peak
flow (Qp). His theory was the first to describe the concept of the time of concentration.
Mulvaney’s method explained how discharges are a function of area and rainfall intensity
in a rational way (Maidment 1993; Beven 2001). The concept of Mulvaney’s model is
still used today and is widely known in engineering practice as the rational method
(Beven 2001). However, the rational method was not introduced to the United States
until 1889 by Kuichling (Burian et al. 1999).
The nineteenth century also witnessed the creation of a number of governmental
agencies in the field of hydrology. These included the United States Army Corps of
Engineers (USACE, 1802), the United States Geological Survey (USGS, 1879), the U.S.
Weather Bureau (1891), and the Mississippi River Commission (1893). At this point in
history, rainfall data collection and analysis was introduced in the United States. The
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U.S. Weather Bureau, now known as the National Weather Service (NWS), was
established for recording meteorological observations (Bedient and Huber 2002). In
1889, U.S. Weather Bureau records were used to study the relationship between rainfall
intensity and duration. Storm intensities versus duration curves were plotted, which later
evolved into the present day intensity-duration-frequency (IDF) curves. These curves
were used for storm-drainage design and are still used today (Burian et al. 1999).

2.2.4 Twentieth Century

2.2.4.1 Advancements in Urban Hydrology
The decades following the nineteenth century (1900-1930) were termed the
Period of Empiricism by Chow (1964), because empirical equations from the previous
century were still being utilized. Also during this period, a large number of empirical
formulas were developed, although many proved to be invalid (Bedient and Huber 2002).
The rational method, introduced in the United States in the late 1800s, did not gain
immediate popularity in the engineering community. However, the method slowly
evolved as the dominant technique for stormwater design throughout the United States
and worldwide (Burian et al. 1999). Governmental agencies created during the
nineteenth century continued to support the advancement in hydrology through
hydrologic research. In addition, several technical societies were created during this
period such as the Bureau of Reclamation (1902), the Forest Service (1906), and the U.S.
Army Engineers Waterways Experiment Station (1928) (Bedient and Huber 2002).
Two of the most noteworthy contributions of the early 1900s were that of R. E.
Horton and C. N. Ross in 1919 and 1921, respectively. Horton’s achievement was the
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derivation of a series of empirical formulas for estimating rainfall interception based on
different types of vegetal cover. His idea forms the basis of the rainfall-runoff modeling
process that was later enhanced by the Soil Conservation Service (SCS) as the Curve
Number (CN) method (Singh and Woolhiser 2002). In 1921, Ross was the first
hydrologist to attempt to use a distributed hydrologic model. Ross proposed a method for
dividing a catchment area into various zones based on travel time to the catchment outlet.
Each zone was assigned a number based on the length of time it took runoff to reach the
outlet called a time step. According to Beven (2001), Ross’ theory was that “if the
production of runoff could be calculated for each area then it was a relatively simple
matter to route that runoff to the catchment outlet to obtain a prediction of the
hydrograph” (Beven 2001, 26). This concept, known as a time-area histogram, forms the
basis of many distributed models used today (Beven 2001).
The decades following the Period of Empiricism were named the Period of
Rationalization (1930 to 1950) by Chow (1964). In 1932, L. K. Sherman improved upon
Ross’ method of the time-area histogram with his concept of the unitgraph for gaged
watersheds. Sherman’s method ignored the contribution that catchment area made in the
calculation, theorizing that various time delays for runoff could be represented as a time
distribution. His concept of the unitgraph is widely known today as the unit hydrograph
(UH) (Beven 2001). Due to the lack of rainfall data in ungaged watersheds, a technique
known as the synthetic unit hydrograph soon evolved. This approach used the UH
technique based on characteristics of the “synthetic” watershed (Burian et al. 1999).
Both of these methods have evolved into some of the most commonly used hydrograph
modeling techniques in hydrology today (Beven 2001).
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Following the development of the unit hydrograph techniques, understanding the
process of rainfall-runoff modeling intensified. Hydrologic abstractions, including
interception and infiltration, became the primary focus. Previous studies by Green and
Ampt (in 1911) and Horton (in 1919) were reexamined to understand the relationship
between rainfall, infiltration, interception, and runoff (Burian et al. 1999). Additional
theories were introduced by Horton between 1933 and 1945. In 1933, Horton published
his theory on infiltration, which proved how runoff is generated when the infiltration
capacity of soil is exceeded. His studies also improved hydrograph separation
techniques. Horton continued to make contributions to the field of hydrology with his
overland flow studies in 1939 and his concept of erosional land-form development in
1945. Many of Horton’s empirical equations, known today as Horton’s laws, are used in
current modeling applications (Singh and Woolhiser 2002).
The development of the unit hydrograph techniques in the 1930s allowed for
significant advances in stormwater management. Until this point in history, sewer
systems were designed based only on peak flow rate methods. With a new method that
considered time and flow, sewer systems could now be more economically and
adequately designed. In 1936, hydrograph techniques were applied to storm-sewer
design for the first time in history by Horner and Flynt. Their method included both
spatial and temporal considerations of the variability of rainfall. Continued
advancements in hydrology were made possible with the unit hydrograph techniques
throughout the twentieth century (Burian et al. 1999).
The U.S. Department of Agriculture (USDA) Soil Conservation Service (SCS)
made many contributions during this period. One of the most noteworthy, developed in
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1954, is the SCS Curve Number (SCS-CN) method (Mishra and Singh 2003). Soon after
(in 1964), a similar empirical approach was introduced by SCS known as Technical
Release No. 20 (TR-20). Burian et al. describes the TR-20 method as “a simple, effective
method to determine runoff from rainfall. TR-20 used hydrology soil-cover complexes to
determine runoff volumes and a UH to determine peak rates of discharge for single event
simulations” (Burian et al. 1999, 9). In 1975, SCS published a subsequent CN-based
method known as Technical Release No. 55, Hydrology of Small Urban Watersheds (TR55). Of all the methods and advancements throughout the nineteenth and twentieth
century for calculating runoff in small watersheds, the rational method and SCS methods
continue to exist as widely applied and accepted runoff computation methods (McCuen
1982; Ponce 1989; Burian et al. 1999; Beven 2001; Wurbs and James 2002; Mishra and
Singh 2003). These methods, including rational method, SCS-CN, TR-20, and TR-55,
are discussed in greater detail in Section 2.3.

2.2.4.2 Slowing Down Storm Flows
Throughout the first half of the twentieth century, stormwater was managed to
limit nuisance and control downstream flooding. Until about 1945, this approach was
valid since development occurred on a lot-by-lot basis. However, following the end of
World War II (1945), expansion into the suburbs began and large tracts of land were
subdivided. These newly developed suburban areas followed the traditional urban
stormwater approach – moving stormwater offsite as quickly and effectively as possible.
Engineers soon realized the cumulative impacts of quickly removing stormwater and its
effect on downstream flooding and channel erosion. According to a statement made by
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the Urban Land Institute in 1975, “the cumulative effects of such approaches have been a
major cause of increased flooding, often accompanied by diminishing groundwater
supplies, as a direct result of urbanization; or have necessitated development of massive
downstream engineering works to prevent flood damage” (Urban Land Institute 1975, 7).
As development continued to increase, it became evident that this efficient conveyance
approach would no longer suffice, and a new approach to stormwater management was
needed (Debo and Reese 2003; Holman-Dodds 2007).
The fourth paradigm of Debo and Reese (2003), “Keep it from Stormwater
Pipes,” summarizes the next evolution in stormwater management and signifies the birth
of modern stormwater quantity management (Debo and Reese 2003). Stormwater
management changed its focus from highly efficient conveyance systems to an on-site
management approach. This was typically done through the implementation of
stormwater detention systems. Governmental requirements for this type of management
appeared in the early 1970s through stormwater detention ordinances. By ponding larger
storm events on-site and upstream, downstream flooding could be mitigated. However,
many of these systems were designed to manage peak flows (using the rational method)
and did not consider flow volumes. As a result, these detention systems did not manage
the volume of the smaller, more frequent storms, and downstream dwellers continued to
experience flooding from the upstream development (Debo and Reese 2003; HolmanDodds 2007).
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2.2.4.3 Technological Advancements
The United States was marked by a significant increase of urbanization in the
1950s and 1960s. Population increases in cities created the need for expanded water
supply and stormwater management systems. Better methods were required for creating
storage in water supply reservoirs and understanding floods and droughts. As a result,
engineers and hydrologists alike sought improved methods for predicting peak flows
from storms. Governmental agencies became interested in understanding the impacts of
urbanization. It was at this point in history that research in hydrology and water
resources became a recurrent practice (Bedient and Huber 2002). Debo and Reese (2003)
summarize the occurrences during this period as Paradigm Five – “Well, Just Do Not
Cause Flooding.”
Simultaneous to the increase in urbanization and demand for better modeling
techniques, a digital revolution occurred around the world. Until the mid-1960s,
engineers performed tedious manual computations in predicting and estimating only
individual components of the hydrologic cycle, such as precipitation, evaporation,
infiltration, runoff, and groundwater flow (Singh and Woolhiser 2002; Donigian and
Imhoff 2006). The advent of digital computers in the 1960s allowed a group at Stanford
University to introduce the concept of continuous hydrologic modeling. Developed in
1962 – 1966 through a National Science Foundation (NSF) grant, Crawford and Linsley
introduced the Stanford Watershed Model (SWM) as the first comprehensive, computerbased hydrologic model in history (Bedient and Huber 2002; Donigian and Imhoff 2006).
This milestone was the first attempt to model virtually the entire watershed and its
hydrologic processes (Singh and Woolhiser 2002). Version IV of the model, SWM-IV,
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was released in 1966 as the first widely distributed, computer-based, hydrologic model.
This advancement initiated the concept known today as hydrologic-response simulation,
or watershed modeling4 (Donigian and Imhoff 2006).
The pioneering development of the SWM initiated a paradigm shift in the field of
hydrologic modeling and the design of stormwater management systems. Engineers
recognized the value of computer-based hydrologic simulation in estimating runoff. Only
one year after the introduction of the SWM, the U.S. Army Corps of Engineers (USACE)
Hydrologic Engineering Center (HEC) began designing a similar watershed model called
HEC-1. Released in 1973, this deterministic model was designed to model surface runoff
resulting from precipitation in a watershed based on single-event design storms. HEC-1
is still used today but was superseded by its successor, HEC-Hydrologic Modeling
System (HMS), in 1998 (Bedient and Huber 2002).
Despite the advancements in computer technology and models, the rational
method continued to be widely used as “the most popular technique for estimating design
flows in urban drainage design” (Burian et al. 1999, 9). However, research in the 1960s
and 1970s proved that the rational method resulted in over-designed drainage systems.
Because of the high costs of this complex infrastructure, continuous simulation using
computer models proved to yield more accurate results (Burian et al. 1999).

4

The terminology for stormwater-related models varies between literature sources. These
variations include: stormwater models, mathematical models, hydrological models, and watershed models.
The term “watershed models” tends to be used most frequently, especially in more current literature. This is
likely because many of today’s models simulate the entire watershed and its hydrologic processes.
However, stormwater simulation is a fundamental component of watershed models. Since the focus of this
thesis is site-scale stormwater management, the terms “stormwater models” and “watershed models” are
used interchangeably.
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Until this point in history, engineers had been primarily concerned with
simulating the processes of water quantity, not water quality. This began to change in
1969 – 1971, when the Environmental Protection Agency (EPA) funded the research and
development of the Storm Water Management Model (SWMM), which could simulate
flow and pollutants through complex urban watersheds (Burian et al. 1999; Bedient and
Huber 2002; Wurbs and James 2002; Huber, Rossman, and Dickinson 2006). Bedient
and Huber describe SWMM as “the most comprehensive urban runoff model, which
provides for continuous and/or event simulation for a variety of catchments, conveyance,
storage, treatment, and receiving streams” for both water quantity and quality (Bedient
and Huber 2002, 319).
Also during the early 1970s, the pioneering developers of SWM (Crawford and
Linsley) founded the company Hydrocomp and began expanding and improving their
original model. Their modified version, known as the Hydrocomp Simulation Program
(HSP), was designed to include non-point source and water quality components.
Simultaneously, EPA sponsored the development of two additional models: Agricultural
Runoff Management (ARM) and the Non-point Source (NPS) pollutant loading models.
Both of these models were designed using the hydrologic algorithms of SWM and HSP.
These models were designed for assessing non-point pollution impacts from agriculture,
urban, and other areas (Donigian and Imhoff 2006).
Assessment and control of both point and non-point source pollutants was
mandated with the enactment of the Clean Water Act (CWA) of 1975. This advancement
initiated significant stormwater modeling and water quality research throughout the
United States over the next 20 years. Following the development of the EPA-sponsored
25

models, the agency recognized the need for a comprehensive, watershed-scale water
quality/water quantity model for assessing many water resource problems. Funded by
grant money, EPA contracted Hydrocomp to develop a non-proprietary FORTRAN
program to incorporate the concepts of SWM/HSP, ARM, and NPS models. The
product, known as the Hydrologic Simulation Program – FORTRAN (HSPF), was
publicly released in 1980 and is regarded as a state-of-the-art tool for watershed analysis
(Donigian and Imhoff 2006).
Incorporating all of the components of previous models into one package,
Donigian and Imhoff describes HSPF as “the only comprehensive model of watershed
hydrology and water quality that allowed the integrated simulation of land and soil
contaminant runoff processes with instream hydraulic and sediment-chemical
interactions” (Donigian and Imhoff 2006, 28). Since 1980, AQUA TERRA Consultants
has been responsible for the continual upgrades and maintenance of the program under
guidance of the EPA and USGS. Throughout the 1980s and 1990s, HSPF has undergone
numerous enhancements and linkages with other modeling systems such as EPA’s Better
Assessment Science Integrating Point and Non-point Sources (BASINS). Since HSPF’s
introduction as SWM in 1966 to the Version 12 release in 2001, Donigian and Imhoff
claim that the model has maintained itself as one of the most reputable watershed models
in the industry (Donigian and Imhoff 2006).
Stormwater models have evolved parallel to the advancements in digital
technology from mainframe computers to microcomputers, better known today as
personal computers (PCs). The advancement of PCs in the 1990s has allowed hydrologic
simulation to become a daily practice. Advancements in Internet technologies (since
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approximately 1994) have permitted the incorporation of hydrologic data into watershed
models (Bedient and Huber 2002). This “information revolution” has opened the door
for emerging technologies. Computation aids, such as geographical information systems
(GIS), spreadsheets, databases, model pre- and post-processors, remote sensing, digital
elevation models (DEMs), and chemical tracers, have significantly improved the
planning, design, and operation of stormwater management (Burian et al. 1999; Singh
and Woolhiser 2002). According to Burian et al. (1999), the support of these tools has
allowed hydrologic simulation to evolve into a much more “user-friendly” application.
However, other sources disagree (Singh and Woolhiser 2002; Singh and Frevert 2006).
One of the more significant modern advancements in both technology and watershed
modeling was the development of GIS technology. GIS technology emerged in the early
1990s, and researchers recognized the potential for linking the technology to watershed
models. BASINS, developed in 1994, is one example that incorporates GIS capabilities
with the widely-used HSPF model (Donigian and Imhoff 2006).
Most of the models in existence today accurately assess the hydrologic processes
of a watershed in both space and time. According to Singh and Frevert, many of these
models “attempt to integrate ecosystems and ecology, environmental components,
biosystems, geochemistry, atmospheric sciences, and coastal processes with hydrology.
This reflects the increasing role of watershed models in tackling environmental and
ecosystems problems” (Singh and Frevert 2006, 6). Figure 2.1 illustrates these
technological advancements and the relationships between model science, computer
technology, and water legislation from 1960 - 2004. The stormwater models introduced
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in this section, including HSPF, BASINS, HEC-HMS, and SWMM, are discussed in
greater detail in Section 2.3.

Figure 2.1.

Evolution of watershed modeling from 1960-2004. Source: Donigian and
Imhoff 2006, 24.
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2.2.4.4 Environmental Awareness and Receiving-Water Impacts
During the 1960s, stormwater management began to evolve from strictly a
quantity approach to include water quality considerations as well. A new paradigm, “Do
Not Pollute,” had emerged (Debo and Reese 2003). Combined-sewer overflows (CSOs)
and point source pollution were identified as the leading causes of receiving-water quality
degradation with vague concern of stormwater runoff. However, as point source
pollution was cleaned up and CSOs were minimized, the source of this “mysterious”
polluter became more of a concern. The focus was turned to evaluate water quality
problems on a larger scale (Burian et al. 1999; Debo and Reese 2003; Holman-Dodds
2007).
In 1970, as environmental concerns continued to develop, Congress initiated the
creation of the U.S. Environmental Protection Agency (EPA) (Donigian and Imhoff
2006). Throughout the 1970s and 1980s, focus was turned to non-point source pollution,
in particular stormwater runoff, in urban areas. The era of stormwater quality
management was born. Section 208 of the Federal Water Pollution Control Act of 1972
was introduced, and much of the research focused on the relationship between
stormwater runoff and receiving-water impacts (Burian et al. 1999; Debo and Reese
2003). Developed to research pollutant impacts on receiving waters in urban areas, the
Nationwide Urban Runoff Program (NURP) is regarded as one of the more significant
research efforts during this period. NURP was supported by the EPA and established to
collect data and provide information to local decision-makers, states, EPA, and other
interested parties. For the first time, planning and design of stormwater management
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systems began to support preservation of native vegetation and natural-drainage patterns
(Burian et al. 1999).
The National Urban Runoff Program (NURP) publication (1986), the Water
Quality Act (1987), and Section 305(b) of the Clean Water Act initiated the National
Pollutant Discharge Elimination System (NPDES) Phase I (1990) requirement for
stormwater permitting on larger construction sites. NPDES Phase I later evolved into
NPDES Phase II (1999) requiring stormwater permits for smaller construction sites in
less populated areas. These represent some of the first examples of stormwater
regulations for water quality and continue to drive stormwater management today. With
these regulations in place, many local municipalities began to adopt the use of best
management practices (BMPs) in managing stormwater. This is perhaps one of the
earliest indications of a “sustainable approach” to stormwater management (Debo and
Reese 2003; Holman-Dodds 2007). Paradigm One from Debo and Reese (2003), “Run it
in Ditches,” was looking ideal again. Ditches began to be designed with vegetated cover
and referred to as “grassy swales” and “wetland swales.” Detention ponds also became
more complex. Stormwater management now focused on design for stormwater quality
volume with an emphasis in protecting water bodies downstream. Monitoring the
effectiveness of these new systems initiated the next paradigm in stormwater
management (Debo and Reese 2003).

2.2.4.5 Ecological Considerations
Paradigm Seven from Debo and Reese (2003), “It is the Ecology,” evolved in the
1990s. Stream restoration and conservation were the target goals of this period. The
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biological health of streams was used as an indicator of the success of upstream
stormwater management. Attaining and maintaining the health and diversity of aquatic
life became the priority of this era. However, problems arose as opinions varied on
“what is healthy, how we measure it, and what the cause of ill health is” or “is it caused
by natural phenomena” (Debo and Reese 2003, 7). Debo and Reese summarize the
evolution of these problems:
So, the understanding grew: If we can solve the biology problem, we have solved
the problem, right? And, to solve that problem, we need to be able to change the
way the riparian corridor is managed, the way the floodplain is regulated, the way
the watershed land is used, the way wastewater is permitted, and the way runoff is
developed in the headwaters. (Debo and Reese 2003, 7)
Understanding the complexity of these problems led to a new paradigm in stormwater
management – “Water is Water is Watershed.”

2.2.4.6 Water is Water is Watershed
The importance of watersheds, and managing these drainage areas, emerged as
the standard during the 1990s. Federal, state, and local governments, as well as private
groups, formed watershed-focused organizations. Regulatory programs were developed
and managed on a watershed basis. Debo and Reese explain the concept of this
paradigm: “We are coming to the realization, even organizationally, that water is water.
Wastewater, groundwater, drinking water, stormwater, rainfall, seawater, lakes, and
atmospheric water are all part of one ‘circle of life.’ Our artificial organizational and
political boundaries make no sense from this perspective” (Debo and Reese 2003, 8).
Because the concept of a “watershed” or a “watershed approach” is often times too much
for the general public to grasp, many local governments are now pursuing a more
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sustainable, site-scale, and naturalistic approach at stormwater management – ultimately,
a new paradigm (Debo and Reese 2003).

2.2.5 Stormwater Today
Currently there is a “green revolution” going on in stormwater management,
which is driven by a key concept known as sustainability (Debo and Reese 2003;
Holman-Dodds 2007). A widely accepted definition of sustainable development is
“development that meets the needs of the present without compromising the ability of
future generations to meet their own needs” (Bruntland 1987, 43). Debo and Reese
describe this emerging paradigm as “Green and Bear it.” Stormwater management of this
paradigm must capture and treat stormwater runoff at the source instead of conveying it
as quickly and effectively as possible into receiving waters downstream. Many
municipalities across the United States have achieved this level of paradigm, while others
are stuck (or in many cases, content) with traditional, ecologically unsound stormwater
practices (Debo and Reese 2003).
Sustainable stormwater management is best defined by Holman-Dodds as
“combining effective and safe pollution control and floodwater conveyance with selfsupporting ecological and aesthetic benefits” (Holman-Dodds 2007, 72). Many
approaches to sustainable stormwater management have evolved (and continue to evolve)
throughout the United States. These approaches include Best Management Practices
(BMPs), Low Impact Development (LID), Green Infrastructure, Better Site Design,
Conservation Development, Conservation Design, Zero Discharge, Sustainable
Development, Multiobjective Floodplain Management, Smart Growth, Regenerative
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Techniques, and many more (Debo and Reese 2003; Holman-Dodds 2007; U.S. EPA
2008).
BMPs and LID are two of the most well documented approaches focused on
managing stormwater sustainably. A formal definition of a BMP was provided by the
USDA Forest Service in 1980:
A practice or combination of practices that are determined (by state or designated
area-wide planning agency) through problem assessment, examination of
alternative practices, and appropriate public participation to be the most effective,
practicable (including technological, economic, and institutional considerations)
means of preventing or reducing the amount of pollution generated by non-point
sources to a level compatible with water quality goals. (USDA Forest Service
1980, 1)
There are essentially two types of BMPs: structural and non-structural. Structural BMPs
are post-construction stormwater control structures that intercept stormwater runoff,
manage for quantity, and improve water quality. Non-structural BMPs are merely
education measures or management practices used during construction (Holman-Dodds
2007; U.S. EPA 2008). The focus of this research is on post-construction, structural
stormwater techniques.
The concept of LID evolved approximately a decade after BMPs (in the early
1990s) in Prince George’s County, Maryland (U.S. EPA 2000). EPA’s website on LID
describes the approach as a site development strategy which seeks to control stormwater
runoff on-site as opposed to moving stormwater offsite through a conveyance system and
into receiving waters downstream. The goal of LID is to restore the natural, predeveloped conditions of a site through the use of innovative, small-scale stormwater
controls. Thus, strategies such as BMPs are essentially a fundamental component of the
LID approach (Hinman 2005; U.S. EPA 2008). Like LID, most all of the sustainable
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approaches to stormwater management mentioned previously incorporate the use of
small-scale BMPs in achieving sustainable stormwater objectives (Holman-Dodds 2007).
Many reputable sources, such as EPA and the American Society of Civil
Engineers (ASCE), provide extensive information on both BMPs and LID. EPA, for
instance, hosts a national BMP database
(http://cfpub.epa.gov/npdes/stormwater/menuofbmps/index.cfm). This database provides
detailed information for each BMP type, including description, applicability, design,
limitations, maintenance, effectiveness, and cost. A similar database, developed through
joint efforts between ASCE and EPA, is the International Stormwater BMP Database
(http://www.bmpdatabase.org/). It includes over 300 BMP case studies. Many common
examples of BMP and LID strategies from these databases and the literature include:
detention ponds, retention ponds, constructed wetlands, vegetative filter strips,
bioretention (rain gardens), grass swales, green roofs, permeable pavement, and rain
barrels/cisterns (U.S. EPA 2000, 2002, 2008; Hinman 2005; Holman-Dodds 2007).

2.2.6 Future Considerations
Communities are slowly beginning to recognize the added value of sustainable
stormwater management, which manages for runoff quantity, treats for water quality,
compliments the ecology, increases aesthetic value, and overall creates more vibrant,
sustainable communities. As public perceptions, technology, and stormwater regulations
continue to evolve, the development of a more sustainable, environmentally-minded
stormwater approach will have no choice but to follow. Fully understanding and
managing stormwater from a sustainable perspective is best described by Bruce
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Ferguson, “Stormwater is not a mechanical system or a utility. It is an environmental
process, joining the atmosphere, the soil, vegetation, land use, and streamflows”
(Ferguson 1990, 609). To achieve sustainability in stormwater management, Debo and
Reese (2003) outline six overall goals:
1. mimicking acceptable hydrology
2. enhancing natural diversity and beauty
3. balancing ecological preservation and conservation with economic growth and
development
4. building systems that are sustainable and maintainable
5. working at a small, integrated scale with accumulated results
6. dealing with stormwater as a valuable resource
To accomplish these goals, Holman-Dodds suggests that stormwater management must
comprise a truly integrated and multidisciplined approach which includes flood control,
water quality, natural resources, ecology, and aesthetics (Holman-Dodds 2007). In
addition, Stuart Echols suggests that, a sustainable approach to managing stormwater
offers countless positive values including aesthetic, ecological, environmental, technical,
economic, educational, biological, historical, cultural, recreational, and even public
relations (Echols 2008).
The literature also presents a future outlook on stormwater modeling. Stormwater
models obviously have become more sophisticated over time and evolved into watershed
analysis tools. However, much of the literature claims that a lack in user-friendliness in
today’s models has required specialized training and limited their use to the expert
population (Al-Sabhan, Mulligan, and Blackburn 2003; Donigian and Imhoff 2006; Singh
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and Frevert 2006). Singh and Frevert suggest that in order for watershed models to
become practical “household” tools, they must be designed with a relatively easy-to-use
interface and require minimal hydrologic training. Their future outlook is best quoted:
The future of watershed hydrology models will be shaped by increasing societal
demand for integrated environmental management; growing need for
globalization by incorporation of geological, biological, chemical, and physical
aspects of the hydrological cycle; assessment of the impact of climate change;
rapid advances in remote sensing and satellite technology, GIS, database
management systems (DBMS), and expert systems; enhanced role of models in
planning and decision making; mounting pressure on transformation of models to
user-friendly forms; and clearer statement of reliability and risk associated with
model results. (Singh and Frevert 2006, 12)
Singh and Frevert conclude that model users are typically interested in obtaining accurate
results in a straightforward manner, not the underlying science the model is based on
(Singh and Frevert 2006).

2.3 An Overview of Common Methods and Models

2.3.1 Introduction
In order to gain a better understanding of the methods and models available to
designers today, three methods and six models were investigated. The three methods
reviewed include: Rational Method, SCS-CN Method, and SCS TR-55 Method. The six
models reviewed include: SCS TR-20, HSPF, BASINS, HEC-HMS, SWMM, and
HydroCAD. These methods and models were selected based on their wide-use and
acceptance by design professionals and extensive documentation in the literature. The
primary objective in reviewing each model was to gain a better understanding of its
general applicability and capabilities including water quantity, quality, BMP/LID, scale,
and ease of use.
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2.3.2 Rational Method
First introduced in 1851, the rational method is believed to be one of the earliest
analytical methods for computing peak runoff. The simple formula defining the rational
method is Qp=CiA, where Qp is peak discharge, C is a dimensionless runoff coefficient, i
is rainfall intensity, and A is drainage area. The runoff coefficient, C, ranges in value
from 0 ≤ C ≤ 1.0 and is a function of land use, soil, and slope. Its value is typically
determined from tables derived from empirical data. The rainfall intensity, i, can be
determined from an intensity-duration-frequency (IDF) curve based on exceedance
frequency and the time of concentration for a particular watershed (Ponce 1989; Wurbs
and James 2002). Despite its introduction over a century ago, Wurbs and James claim
that the rational method “continues to be the most commonly used method for
determining peak discharges for designing drainage facilities for small watersheds”
(Wurbs and James 2002, 474).

2.3.3 SCS-CN Method
The Soil Conservation Service Curve Number (SCS-CN) method, originally
developed in 1954, is an empirical method for estimating the runoff volume of a 24-hour
storm event. The method is based on an empirical parameter known as the curve number
(CN). A CN is a dimensionless number ranging in value from 1 to 100 and can be
obtained from tables published by the USDA. According to Mishra and Singh, the SCSCN method is
one of the most popular methods for computing the volume of surface runoff for a
given rainfall event from small agricultural, forest, and urban watersheds. The
method is simple, easy to understand and apply, stable, and useful for ungauged
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watersheds. The primary reason for its wide applicability and acceptability lies in
the fact that it accounts for most runoff producing watershed characteristics: soil
type, land use/treatment, surface condition, and antecedent moisture condition.
(Mishra and Singh 2003, 84)
Despite the SCS-CN method’s wide acceptance, many researchers have criticized the
original method and have developed modified approaches (Mishra and Singh 2003).
Regardless, the SCS-CN method continues to exist as an extensively used method. Its
methodology is widely used in many stormwater models today including HEC-HMS and
HydroCAD (McCuen 1982; Ponce 1989; Beven 2001; Wurbs and James 2002; Mishra
and Singh 2003; HydroCAD Software Solutions 2009).
Based on the SCS-CN method, two other USDA SCS procedures evolved for
computing peak runoff, hydrographs, and storage volume: TR-20 and TR-55. TR-20 is a
computerized version of the SCS-CN method primarily intended for agricultural
watersheds (Bedient and Huber 2002). The TR-55 method, entitled “Urban Hydrology
for Small Catchments,” (USDA SCS 1986) is based on the TR-20 method but is modified
for urban catchments. Also based on a CN, its procedure includes both a graphical and
tabular approach for runoff computations. The TR-55 method is also available as
WinTR-55, a windows-based computer model. WinTR-55 is available through USDA
National Resources Conservation Service
(http://www.wsi.nrcs.usda.gov/products/W2Q/H&H/Tools_Models/WinTR55.html).

2.3.4 Hydrological Simulation Program – FORTRAN (HSPF)
HSPF is a continuous, process based watershed model which simulates both
watershed hydrology and water quality including point and non-point source pollutants.
According to Bedient and Huber, HSPF is “most often applied to rural situations but is
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readily applicable to urban applications through its impervious land module” (Bedient
and Huber 2002, 420). Spatially, HSPF is ideal for larger watersheds catchments (62,000
square miles) but has been applied to smaller catchments a few acres in size (Texas A&M
University and U.S. Bureau of Reclamation 2007). According to EPA’s website, the
current version of HSPF (Version 11.0) must be executed from DOS or a DOS command
prompt (U.S. EPA 2009b). Alternatively, HSPF is incorporated into EPA’s BASINS
model as WinHSPF, which handles its water quantity and quality simulations (Bedient
and Huber 2002; Donigian and Imhoff 2006).

2.3.5 Better Assessment Science Integrating point and Non-point Sources (BASINS)
EPA’s website defines BASINS as “a multi-purpose environmental analysis
system that integrates a geographical information system (GIS), national watershed data,
and state-of-the-art environmental assessment and modeling tools into one convenient
package” (U.S. EPA 2009a). The components which comprise BASINS include (U.S.
EPA 2007):
•

MapWindow – a non-proprietary, open source GIS system

•

WinHSPF – estimates non-point source loadings for pollutants

•

AQUATOX model – analyzes effects on aquatic biota in receiving waters

•

Climate Assessment Tool (CAT) – assesses potential impacts of climate
change on stream flows and pollutant loads.

•

Web-based data based on geographic location

Although BASINS can be applied to site-scale analysis, it is typically utilized for
watershed-scale analysis. This statement is supported by EPA’s website, which states
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that BASINS is “designed for regional, state, and local agencies that perform watershed
and water quality-based studies” (U.S. EPA 2007).

2.3.6 Hydrologic Engineering Center Hydrologic Modeling System (HEC-HMS)
HEC-HMS, originally developed as HEC-1, is a single-event model for
simulating hydrologic processes. Singh and Frevert describe HEC-HMS as “the standard
model in the private sector in the U.S. for design of drainage systems, quantifying the
effect of land use change on flooding, etc” (Singh and Frevert 2006, 5). HEC-HMS
incorporates a GUI, which allows users to create basin and reach configurations for visual
consideration (Bedient and Huber 2002; Singh and Frevert 2006).

2.3.7 Storm Water Management Model (SWMM)
EPA’s SWMM is a physically-based, single-event or continuous model, which
simulates hydrologic, hydraulic, and water quality processes for urban areas. Bedient and
Huber describe SWMM as “the most comprehensive urban runoff model and provides for
continuous and/or event simulation for a variety of catchments, conveyance, storage,
treatment, and receiving streams” (Bedient and Huber 2002, 319). Spatially, SWMM is
applicable to a variety of catchment sizes from parking lot- to city-scale. The current
version of the model, SWMM 5, includes BMP and LID scenarios for evaluating the
effectiveness of such strategies. It also utilizes a GUI for building graphical simulation
scenarios such as catchments, nodes, and outlets (Huber, Rossman, and Dickinson 2006).
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2.3.8 HydroCAD
HydroCAD, first developed in 1986, is a proprietary Computer Aided Design
(CAD) tool for hydrology and hydraulic stormwater modeling. According to
HydroCAD’s website, “HydroCAD provides a wide range of standard H&H [hydrology
and hydraulic] techniques in an easy-to-use graphical form, managed by the on-screen
routing diagram we pioneered in 1986.” The model’s features include (HydroCAD
Software Solutions 2009):
•

SCS, NRCS, SBUH runoff hydrographs

•

Rational Method with automatic IDF curves

•

hydrograph routing through ponds and reaches

•

couples ponds with automatic tailwater

•

automatic hydraulics and culvert calculations

•

automatic pond storage calculations, including embedded storage chambers

•

automatic layout and modeling of underground storage systems

•

land-use analysis and pollutant loading calculations

•

easy management and reporting of multiple rainfall events

•

runs standalone on any Windows PC

HydroCAD integrates many of the common manual computation methods (Rational
Method, TR-20, and TR-55) into a single computerized program (HydroCAD Software
Solutions 2009). There is a lack in literature and review on HydroCAD, likely because it
is proprietary software.
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2.3.9 Summary
To summarize the models discussed previously, table 2.1 was developed to
highlight the characteristics and capabilities of each model that are most relevant to this
study.
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Table 2.1.

Summary of common stormwater methods and models reviewed in this
study

Method/Model
name/acronym

Source

Description

Water
quantity

Water
quality

BMP/LID
capabilitya

Rational Method

ASCE. 1960. Design and
Construction of Sanitary and
Storm Sewers. Manual of
Engineering Practice No. 37.

Empirical formula for
calculating peak flow

Yes

No

No

Soil Conservation
Service Curve
Number Method
(SCS-CN)

USDA SCS. 1985. SCS National
Engineering Handbook, Section 4:
Hydrology. Washington, D.C.

Empirical method for
estimating the runoff volume
of a 24-hour storm event

Yes

No

No

Computerized version of
SCS-CN intended for
agricultural watersheds

Yes

No

No

Simplified procedure for
estimating runoff and peak
discharges in small urban
watersheds

Yes

No

No

Continuous, process based
watershed model for
hydrologic and water quality
processes

Yes

Yes

Yesb

USEPA.
http://www.epa.gov/waterscience/
basins/

GIS-based Decision Support
System for environmental
analysis

Yes

Yes

Yes

U.S. Army Corps of Engineers.
http://www.hec.usace.army.mil/
software/hec-hms/

Designed to simulate the
precipitation-runoff
processes of dendritic
watershed systems

Yes

No

No

Yes

Yes

Yes

Yes

Yes

No

SCS TR-20

SCS TR-55
Hydrological
Simulation
Program –
FORTRAN
(HSPF)
Better Assessment
Science
Integrating point
and Non-point
Sources
(BASINS)
Hydrologic
Engineering
Center Hydrologic
Modeling System
(HEC-HMS)

USDA SCS. 1984. Computer
Program for Project Formulation,
Hydrology: Technical Release 20.
Washington, D.C.
USDA SCS. 1986. Urban
Hydrology for Small Watersheds:
Technical Release 55 (June 1986).
Conservation Engineering
Division. Washington, D.C.
USEPA and USGS.
http://www.epa.gov/ceampubl/
swater/hspf/
http://water.usgs.gov/software/
HSPF/

Storm Water
Management
Model (SWMM)

USEPA.
http://www.epa.gov/ednnrmrl/
models/swmm/

HydroCAD

HydroCAD Software Solutions,
LLC.
http://www.hydrocad.net/

Dynamic rainfall-runoff
simulation model used for
single event or continuous
simulation of runoff quantity
and quality
Combines the best of TR-20,
TR-55, and SBUH, plus
built-in hydraulics, graphics,
automatic database, and onscreen routing diagram in a
single program

Source: Information from Singh and Woolhiser 2002, table 1.
a

The BMP/LID capability criteria was met if the model includes a BMP/LID database and is capable of simulating the effectiveness
of BMP/LID strategies in terms of water quantity and quality.

b

A web-based extension tool, HSPF BMP Toolkit, is available through EPA:
http://www.epa.gov/athens/research/modeling/HSPFWebTools/.
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2.4 Research Method
To gain a better understanding of the correct practice of designing, administering,
and analyzing surveys, literature related to this type of research was reviewed. The
methodologies for successfully utilizing Web surveys were also reviewed, due to their
simplicity and popularity.

2.4.1 Surveys and Self-Administered Questionnaires
Surveys are a valuable tool in conducting research today. They provide
researchers with a method of investigating descriptive, explanatory, and exploratory
concepts for collecting original data from large populations or groups that could not be
observed directly. Throughout history, researchers have used “traditional” forms of
surveys. These include the census, face-to-face interview, telephone interview, and the
self-administered questionnaire. According to Earl Babbie, a self-administered
questionnaire is a survey method “in which respondents are asked to complete the
questionnaire themselves” as opposed to interviews where a researcher administers the
questionnaire to potential respondents (Babbie 2001, 253). Self-administered
questionnaires have typically been implemented through the use of mail surveys (Babbie
2001). However, as technology has progressed more and more researchers are using
Internet-based methods such as e-mail and the World Wide Web (WWW) to implement
self-administered questionnaires (Solomon 2001; Kiernan et al. 2005; Dillman 2007).
Regardless of the research technique used, Babbie (2001) and Dillman (2007)
describe the basics of planning a survey as question selection and wording, questionnaire
design/construction, and questionnaire implementation. Babbie suggests that the
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selection and wording of questions is just as important as the formatting or visual
appearance of a questionnaire. According to Babbie, there are three types of questions
which can be asked when designing a survey (Babbie 2001):
1. Open-ended – respondents are asked to provide their own answer
2. Close-ended – respondents are asked to select their answer from a provided
list of choices
3. Likert scale questions – respondents are asked to rate their attitudes or
responses towards a specific statement (strongly agree, agree, disagree,
strongly disagree)
All three types of questions are acceptable in research, but each type has advantages and
disadvantages. Open-ended questions allow for in-depth responses but are difficult to
analyze. Close-ended and Likert scale questions are used more frequently because of
their consistency in responses and ease in analysis. However, close-ended questions limit
the responses to those provided by the researcher, which could lead to possible error.
Babbie suggests including all possible responses and an “Other, please specify” category
(Babbie 2001).
When preparing to implement a survey, Don Dillman suggests four sources of
error to avoid when utilizing self-administered questionnaires. The first source of error,
sampling error, is error associated with surveying only a sample and not all of the survey
population. The second source of error is coverage error. Coverage error is error
resulting from not covering the entire survey population. Measurement error, which
occurs when a survey response is inaccurate or irrelevant to the other responses, is the
third source of error. Measurement error is a typical result of poor questionnaire design
45

or wording. The final source of error, non-response error, occurs when a significant
number of respondents do not respond, or those who do respond are not the intended
respondents. According to Dillman, avoiding these types of error in planning a survey
will increase the likelihood of conducting a successful self-administered survey (Dillman
2007). Dillman developed a comprehensive method, known as the Tailored Design
Method (TDM), for conducting successful survey research as described in the following
section.

2.4.2 Dillman’s Tailored Design Method
During the late 1970s, questionnaires gained popularity throughout the United
States when Dillman introduced his research method known as the Total Design Method.
Dillman’s Total Design Method was based upon “consideration of social exchange, that
is, how to increase perceived rewards for responding, decrease perceived costs, and
promote trust in beneficial outcomes from the survey” (Dillman 2007, 5). According to
Dillman, “responding to a questionnaire is viewed as social exchange” (Dillman 2007,
26). He further explains that, “The likelihood of responding to the request to complete a
self-administered questionnaire, and doing so accurately, is greater when the respondent
trusts that the expected fix rewards of responding will outweigh the anticipated costs”
(Dillman 2007, 27). The Total Design Method outlined specific details of design and
implementation, which called for four personalized, timed mailings. Following this
technique, Dillman claims that researchers could achieve response rates up to 70% using
postal mail surveys (Dillman 2007).
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Inspired by significant advancements in society and technology, Dillman
introduced a revised version of the Total Design Method known as the Tailored Design
Method (TDM) in 2000. The original Total Design Method was a “one-size-fits-all”
approach based on one methodology, regardless of the survey situation. Unlike the Total
Design Method, the Tailored Design Method is designed to accommodate varying survey
situations, thus allowing the researcher to “tailor” the approach to his or her specific
research situation. The TDM outlines a set of procedures with the overall goal of
obtaining high quality information, high response rates, and reducing error in selfadministered questionnaires (Dillman 2007).
In order to achieve maximum response rates, the TDM suggests using a series of
five contacts, including (Dillman 2007, 151):
1. Pre-notice letter – notifies the respondent to be expecting a survey
2. Questionnaire – explains the purpose and intent of the study and requests a
response
3. Thank you postcard – expresses appreciation of those who have responded
and encourages those who have not responded to respond.
4. Replacement questionnaire – reminds the person of the survey and urges them
to respond
5. Final contact – invokes response and establishes a deadline
Research has shown that using this approach for survey implementation can improve the
overall quality and quantity of response. Schaefer and Dillman claim that “the more
attempts made to reach people, the greater the chances of them responding” (Schaefer
and Dillman 1998, 380). Dillman reminds researchers that the TDM is a general
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approach for achieving good results in most cases, but the method should be “tailored” or
refined according to each survey situation and population (Dillman 2007).

2.4.3 Internet-based Surveys
Throughout history researchers have sought more effective and efficient
techniques for conducting research. Improvements in research methods are evident
through the development of the face-to-face interview, telephone survey, mail survey,
and Dillman’s TDM approach. Advancements in computer technologies and the rise in
popularity of the Internet have allowed researchers to consider new electronic survey
techniques, such as e-mail and Web surveys (Solomon 2001; Kiernan et al. 2005;
Dillman 2007). E-mail and Web surveys are types of self-administered questionnaires
that involve “computer-to-computer communication over the Internet” (Dillman 2007,
353). These electronic methodologies offer a more efficient approach and numerous
advantages over traditional telephone and mail survey techniques. These advantages
include reducing cost and implementation time; avoiding error and the task of manual
data entry (Solomon 2001); elimination of paper, postage, and mailouts; reaching
international respondents (Dillman 2007); and real-time viewing with date and time of
response (Schaefer and Dillman 1998). However, there is much debate over whether
these new electronic techniques provide as accurate and reliable data as their proven
predecessors. In particular, coverage error (not all of the survey population uses or has
access to the Internet) is the main concern of most researchers (Crawford, Couper, and
Lamias 2001; Solomon 2001). Although, much of the literature claims that Internet
access has reached nearly 100 percent amongst certain populations such as university
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faculty and students, professional organization members, and company employees
(Schaefer and Dillman 1998; Dillman, Tortora, and Bowker 1999; Crawford, Couper, and
Lamias 2001; Kiernan et al. 2005; Dillman 2007).

2.4.3.1 E-mail Surveys
E-mail and Web surveys share many similar characteristics. However, the
methods involved with designing and implementing each differ in many ways. Typically,
individuals who have access to the Internet are able to access both e-mail and the Web.
E-mail surveys tend to be simple to create by simply typing text in an e-mail message.
As a result of their simplicity, e-mail surveys are typically not visually appealing nor do
they offer interactive capabilities (Dillman 2007). Formatting e-mail surveys to appear
uniform on all recipients’ screens is also difficult. Additionally, the format of e-mail
surveys can sometimes be “cumbersome to navigate, leading some individuals not to
reply” (Schaefer and Dillman 1998, 392). One significant disadvantage of e-mail
surveys, as pointed out by Schaefer and Dillman (1998), is anonymity since each
response is linked to an identifying address.
In an effort to prove the superior reliability of e-mail surveys to that of postal mail
surveys, Schaefer and Dillman (1998) sought to research and develop a standard
methodology for e-mail surveys. Based on their research, previous studies showed higher
non-response for e-mail surveys versus mail surveys. As for the quality of data, other
studies reported no difference in response quality between the two modes. Additionally,
previous studies reported longer responses to open-ended questions on e-mail surveys
than mail surveys. Their study administered a questionnaire to a group of university
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faculty via a series of mixed mode contacts. The success of the study was measured by
comparing the response rate, quality of data, and response speed between the traditional
method, electronic method, and mixed-mode methods. Based on the results of their
study, Schaefer and Dillman concluded that e-mail surveys can be used to collect data
from “important survey populations at lower costs with no reduction in response rates
and improved data quality, compared to traditional mail surveys” (Schaefer and Dillman
1998, 393).

2.4.3.2 Web Surveys
With the exponential increase in access to the Web and nearly unlimited
possibilities, Web surveys have evolved as the dominant method in survey research today
(Solomon 2001; Kiernan et al. 2005). Web surveys offer many possibilities which are
not possible with e-mail surveys, or any other survey method for that matter. According
to Dillman, Web surveys “can be designed so as to provide a more dynamic interaction
between the respondent and questionnaire than can be achieved in e-mail or paper
surveys” (Dillman 2007, 354). Web surveys are designed as interactive websites which
collect and gather responses into a database and allow immediate analysis. The
formatting capabilities of websites allow researchers to design attractive, easy-to-follow
survey forms that are consistent and easy to navigate (Schaefer and Dillman 1998;
Solomon 2001). Traditionally, Web surveys have been manually coded using Hypertext
Markup Language (HTML), but the rise in popularity of Web surveys has demanded the
need for a simplified approach. Numerous online survey tools are available today, which
simplify and streamline the process of survey design, implementation, hosting, response
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collection, and analysis (Solomon 2001). Examples of two popular Web-based survey
tools include Survey Monkey (http://www.surveymonkey.com) and QuestionPro
(http://www.questionpro.com).
Web surveys offer many distinct advantages over any other survey method. One
advantage is that response choices to questions can be randomly ordered to avoid bias.
Web surveys can also be formatted so that subsequent questions are tailored according to
a participant’s response to a previous question (Solomon 2001). Another exclusive
characteristic of Web surveys is their capability to generate data once a respondent begins
the survey, regardless if he or she completes it (Crawford, Couper, and Lamias 2001).
Web surveys are typically distributed to a survey population via an e-mail cover letter.
According to Crawford, Couper, and Lamias, the e-mail invitation to participate in the
survey plays a critical role in obtaining a response to a Web survey (Crawford, Couper,
and Lamias 2001). Web surveys can be accessed by simply clicking on a hyperlink in the
e-mail, as opposed to copying and pasting the link into a new browser. This hyperlink
feature is believed to simplify accessing a survey, thus improving response rate (Schaefer
and Dillman 1998).
As with e-mail surveys, many researchers have been resistant to Web surveys as a
valid research method. However, many studies have shown this technique to yield
comparable results to the established and proven postal mail survey. A similar study to
that of Schaefer and Dillman (1998) was conducted to test the effectiveness of Web
surveys to postal mail surveys by Kiernan et al. (2005). Their study on program
participants yielded similar results using a Web survey instead of an e-mail survey.
Results showed that the response rate of the Web survey (70%) exceeded that of the
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postal mail survey (61%). Responses to open-ended questions on the Web survey were
longer, and the ideas were more independent than the mail survey responses. Kiernan et
al. concluded that a “Web survey appears to be as effective as a mail survey in the
completion of quantitative questions that measure knowledge, attitudes, behaviors, and
intentions” (Kiernan et al. 2005, 250).
Web surveys should be designed in a respondent-friendly manner that increases
the chance of the recipient providing a response that is at the same time accurate. The
purpose of respondent-friendly design is to decrease the chances of measurement and
non-response error (Dillman, Tortora, and Bowker 1999). According to Dillman, Web
surveys should follow a similar approach to that of the TDM designed for mail surveys
(Dillman 2007). In addition to the principles of the TDM, the literature offers several
suggestions for designing and implementing a Web survey:
1. Utilize a brief pre-notice letter via e-mail (Solomon 2001).
2. Personalize all e-mail contacts (Dillman 2007).
3. Utilize a multiple contact strategy with shortened timings between mailings
(two or three days between the pre-notice and initial questionnaire) (Dillman
2007).
4. Include a replacement questionnaire with the reminder message (Dillman
2007).
5. Keep the questionnaire short and simple (Dillman 2007).
6. Present each question in a conventional format similar to mail surveys
(Dillman 2007).
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7. Introduce the survey with a welcome screen that is motivational, emphasizes
the ease of responding, and instructs respondents about how to proceed to the
next page (Dillman 2007).
8. Begin with an interesting but simple-to-answer question (Dillman 2007).
9. Implement a progress indication bar to reduce dropouts (Crawford, Couper,
and Lamias 2001).
10. Use check-all-that-apply and open-ended questions sparingly (Dillman 2007).
As with Dillman’s TDM approach, tailoring the procedure to each survey situation is an
essential step in conducting a successful Web-based survey. When designed and
implemented properly, Web surveys can achieve “as effective a response rate as a mail
survey; be as effective in the completion of quantitative questions; and elicit longer, more
substantive qualitative answers than a mail survey,” thus yielding high quality data in a
timely manner (Kiernan et al. 2005, 251). Dillman concludes that “there is no other
method of collecting survey data that offers so much potential for so little cost as Web
surveys” (Dillman 2007, 400).
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CHAPTER 3
METHODOLOGY

3.1 BMP Survey of Design Professionals
In order to gain information about the current trends in stormwater management
and the technological needs within the profession, a market survey was administered to a
group of design professionals. The survey, Best Management Practices in the
Development Industry, was conducted in an effort to meet Objective Two previously
outlined in this study: Develop and administer a survey to design professionals to
determine their perceptions and adoptions of BMPs and to determine their technological
needs and preferences in meeting stormwater requirements. The following sections
discuss the methods for design and implementation of the survey.

3.1.1 Survey Population
There is a perceived lack of adoption of sustainable stormwater practices,
particularly on sites located within the southeastern United States. In order to test this
theory, three Southeastern states – Alabama, Louisiana, and Mississippi – were selected
as the target area for this survey. This study area was selected because of relationships
that exist between the Department of Landscape Architecture at MSU, practicing
professionals, and members of professional societies. In addition, this area was targeted
because of ongoing research with the Northern Gulf Institute (NGI), which supports
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research relevant to the Northern Gulf of Mexico region. Design professionals, including
civil/environmental engineers, landscape architects, and related professionals, were
recruited through departmental contacts, professional societies, and publicly available
information.
An e-mail database of 271 recipients was generated through departmental and
organization contacts. These individuals were contacted directly via e-mail distribution.
In addition, an unknown number of design professionals were contacted indirectly
through officers of professional organizations and personal contacts who agreed to
distribute the survey to members and colleagues on their contact lists. These individuals
requested to distribute the survey themselves to protect the personal information of their
members. This method of indirect distribution would allow the survey to be delivered
from a credible source. Additionally, this method of distribution would allow for more
widespread distribution and provide a better representative population of the study area.
Therefore, instead of a response rate expectation, a target goal of 100 responses was
established.

3.1.2 Questionnaire Selection
Despite the fact that Web surveys are less established than traditional mail
surveys, many studies have shown these methods to yield comparable results to those of
mail surveys (Schaefer and Dillman 1998; Solomon 2001; Kiernan et al. 2005; Dillman
2007). In addition, Web surveys are regarded as one of the most flexible, powerful, and
efficient techniques for conducting survey research (Dillman 2007, 372). Thus, a Web
survey was selected as the mode of research for this study. Although many researchers
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are resistant to this surveying technique due to coverage error (not all of the survey
population using or having access to the Internet), this was not a major concern, because
much of the population was believed to access the Internet regularly. This belief is
supported by a statement made by Schaefer and Dillman: “access [to the Internet] has
reached nearly 100 percent for some groups of survey interest, such as company
employees and association members” (Schaefer and Dillman 1998, 378). In fact, the
entire survey population of this study was comprised of company employees and/or
association members.
An online survey host site was selected to simplify the process of design,
implementation, hosting, response collection, and analysis of the survey. Of the
numerous online software tools available to researchers today for conducting surveys,
Survey Monkey (http://www.surveymonkey.com) was selected due to its simplistic
approach and relatively low cost. Survey Monkey allowed the researcher to design the
questionnaire using a template, select various types of questions, and personalize the
appearance of the survey. The software automatically collected, organized, and managed
responses in an online database. Survey Monkey also allowed for quick and easy
analysis of the responses and included cross tabulation analysis capabilities. Rather than
allowing the host site to distribute the survey, the survey was manually distributed via email with a link since many design professionals were reached indirectly through
organizational distribution and colleague forwarding.
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3.1.3 Questionnaire Design and Implementation
Due to its wide-acceptance and success, the principles of Dillman’s TDM
(Dillman 2007) for the design and implementation of the survey were followed closely.
The elements used in the design and construction of the survey included:
1. using a brief, one-page cover letter (via e-mail)
2. keeping the questionnaire short and simple
3. presenting each question in a conventional format
4. introducing the survey with a welcome screen that is motivational, emphasizes
the ease of responding, and instructs respondents about how to proceed to the
next page
5. giving directions for how to answer the questions
6. organizing questions into categories
7. using a progress indication bar
The design and implementation of the survey followed the principles of the TDM very
closely. However, as recommended by Dillman, the method was tailored according to
the specific survey situation.
The implementation of the survey, according to the TDM, calls for five carefully
timed mailings: pre-notice letter, questionnaire, thank you postcard, replacement
questionnaire, and final contact (Dillman 2007). Instead of using five sequenced
contacts, the number of contacts were condensed to include three mailings sent via e-mail
to the survey population:
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1. pre-notice letter
2. questionnaire
3. thank you letter/replacement questionnaire/final contact
The final three mailings as outlined by Dillman (2007) were condensed into one final
thank you/replacement/final contact mailing. One reason for this was to avoid
exasperating organization officers’ willingness to share the survey. Another reason, as
quoted by one of the distributors, was to avoid “it being viewed as spam.” This reduction
in contacts also allowed the length of the study to be shortened. In accordance with
Dillman’s social exchange theory, all respondents were offered the results of the survey
as a “reward” for participating.

3.1.4 Cover Letters
Cover letters have been traditionally used in postal mail surveys as a means to
motivate respondents to respond. This same concept applies to Web surveys through the
use of e-mail introductions (Dillman 2007). The e-mail cover letters used in this study
followed the principles outlined by Dillman’s TDM for implementing a survey. Each of
the three cover letters, one for each mailing, was one page in length and included the
date, the importance of responding, a statement of voluntary response, a thank you for
consideration/participation, and contact information as outlined by Dillman (2007).
Contact information directed the recipients to Mississippi State University’s Office of
Regulatory Compliance and the Department of Landscape Architecture to show
university sponsorship. A Web link to the survey was included in the questionnaire
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distribution and final contact mailings. The cover letters used in this study are available
in Appendix A.

3.1.5 Questionnaire
The Web-based questionnaire used in this study was designed to be taken in 1015 minutes. It consisted of 28 total questions and one optional e-mail/feedback question.
The 28 questions consisted of 18 close-ended, 6 Likert scale, and 4 open-ended questions.
The survey was divided into five sections, which included Introduction, Demographics,
Firm and Project Information, LID/BMP Background, and Technology. A complete copy
of the survey is available in Appendix B.

3.1.6 Questionnaire Distribution
Three weeks prior to the initial distribution of the survey, a draft version was
distributed to seven personal contacts for review and feedback. Other than minor
wording changes, the format and content of the survey was unchanged. Since these seven
individuals are design professionals and they fully completed the survey, their responses
were included in the results. Once the final version of the survey was complete, it was
distributed as described below.
The questionnaire in this study was distributed according to Dillman’s TDM. The
pre-notice letter was distributed via e-mail on Tuesday, June 24, 2008 to introduce the
survey and notify potential respondents to be expecting a survey in a few days. The prenotice letter created some confusion amongst one of the willing distributors. The
distributor replied that the pre-notice letter was confusing and asked that a link to the
survey be provided to avoid accusation of spamming. This request was approved, and the
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second mailing was shared with the distributor. All other recipients received the second
mailing three days later as scheduled. On Friday, June 27, 2008 the questionnaire
containing a link to the survey and requesting a response was distributed. After
approximately 4 weeks, a final contact was made to the survey population. On
Wednesday, July 23, 2008 the thank you/reminder/final contact notification was
distributed which established a deadline for response of Thursday, July 31, 2008.
Although a deadline was established, the survey remained open until the end of the eighth
week and was closed on Sunday, August 17, 2008.5 The survey was distributed on
various weekdays due to an assumption that different individuals have different schedules
which allow time to respond to a survey. All of the important dates which influenced the
survey are summarized in table 3.1.
Table 3.1. Summary of important dates throughout the study
Date
Tuesday, June 24, 2008
Wednesday, June 25, 2008
Friday, June 27, 2008
Wednesday, July 23, 2008
Thursday, July 31, 2008
Sunday, August 17, 2008

5

Description
Pre-notice letter sent via e-mail.
Questionnaire with link to survey provided to distributor as requested.
Questionnaire with link to survey distributed.
Thank you/reminder/final contact with link to survey distributed.
Deadline to respond.
Survey closed.

An additional 17 responses were received during this period.
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CHAPTER 4
RESULTS
This chapter presents selected results from the survey, which are most relevant to
this study. These results were selected and analyzed to fulfill Objective Three previously
outlined in this study: Analyze the data to identify trends in stormwater management and
design professionals’ technological needs and preferences in managing stormwater. The
chapter is divided into sections based on the content of the survey data, including:
Response Rate, Demographics, Firm and Project Information, BMP/LID Background,
and Technology. A complete copy of all the results, as well as responses to “other,” is
available in Appendix C.

4.1 Response Rate and Frequency
As stated previously, the initial survey population was unknown so an actual
response rate could not to be determined. The intent of the survey was to gain baseline
data and general feedback from design professionals in regards to their background in
BMPs and their technological abilities, needs, and preferences in managing stormwater.
However, the market survey received a total of 141 responses. Of the total responses,
113 (80.1%) respondents fully completed the survey. Therefore, the number of
individuals who started (141) and completed (113) the survey both exceeded the target
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goal of 100 responses. Table 4.1 and figure 4.1 illustrate the response frequency to the
survey over its eight week duration.
Table 4.1. Response frequency throughout the study
Week
Date
Frequency Percentage
Draft
June 2 - June 22
7
5.0%
1
June 23 - June 29
58
41.1%
2
June 30 - July 6
16
11.4%
3
July 7 - July 13
12
8.5%
4
July 14 - July 20
2
1.4%
5
July 21 - July 27
32
22.7%
6
July 28 - August 3
11
7.8%
7
August 4 - August 10
2
1.4%
8
August 11 - August 17
1
0.7%
Total
141
100.0%
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Note: Arrows indicate a date in which a link to the survey was distributed.

Figure 4.1. Frequency of responses compared with three questionnaire distributions
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4.2 Demographics
Of the 141 respondents, 113 were male (80.1%6) and 28 were female (19.9%) as
illustrated in figure 4.2. Much of the population ranged in age from 19 to 59 years old
(91.5%) with the largest group in the 30-39 age range (31.2%). Figure 4.3 illustrates the
breakdown in age range. As shown in figure 4.4, the majority of the respondents
indicated that their highest educational degree was a Bachelor’s (70.9%), while 22%
received Master’s and 4.3% received PhD’s. Nearly all of the survey participants
received degrees in Landscape Architecture (55.3%) or Civil/Environmental Engineering
(38.3%). Other educational backgrounds included Agricultural Engineering,
Architecture, Biology/Ecology, Geology, Landscape Contracting, and other as shown in
figure 4.5.

Figure 4.2. Gender of the respondents

6

All percentages are based on the number of responses to the specific question, not the number of
completed surveys.
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Figure 4.3. Age range of the respondents

Figure 4.4. Highest educational degree of the respondents
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Figure 4.5. Educational background of the respondents
In terms of professional licensure, figure 4.6 illustrates that 61 respondents
(46.6%) are Registered Landscape Architects (RLA) and 35 respondents (26.7%) are
licensed as Professional Engineers (PE). Only 1.5% of the respondents indicated
Leadership in Energy and Environmental Design (LEED) certification. When asked how
often they attend professional conferences, seminars, or workshops, the majority of the
respondents indicated that they attend on a quarterly basis (39%). Other respondents
indicated their attendance as weekly (0.7%), monthly (10.6%), semi-annually (24.8%),
annually (16.3%), and less often (8.5%) as shown in figure 4.7.
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Figure 4.6. Registration/licensure titles held by respondents

Figure 4.7. Frequency of conference, seminar, workshop, or training session attendance
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4.3 Firm and Project Information
In response to the size of the firm, most respondents indicated working for a very
small (1-5 employees; 37.6%) or large (>50 employees; 31.6%) firm as shown in figure
4.8. Geographically, the survey was intended for design professionals practicing within
the coastal portions of Alabama, Louisiana, and Mississippi. As shown in figure 4.9, 34
(28.5%) of the respondents indicated that the majority of their projects occur within this
area. However, after reviewing the “Other (please specify)” responses, it was determined
that nearly 50% of the respondents indicated that the majority of their projects occur
within a 50 mile radius of the specified coastal cities: New Orleans, Gulfport, and
Mobile. Popular responses to “Other (please specify)” choice included: Baton Rouge,
LA; Hattiesburg, MS; Jackson, MS; Birmingham, AL; and worldwide. Project sizes, as
indicated by the respondents, were typically small-size (1-5 acres; 28.8%), mid-size (5-25
acres; 33.1%), or large-scale (>50 acres; 22.9%) projects. Figure 4.10 shows the
breakdown of project sizes and the respective responses.

Figure 4.8. Size of respondents’ firm
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Figure 4.9. Location of the majority of the respondents’ projects

Figure 4.10. Typical size of respondents’ projects
When asked to indicate their percentage of work occurring within the public and
private sector, the average overall response showed that projects occur within the private
sector (52.4%) slightly more often than the public sector (47.6%). The following
question asked respondents to indicate the primary focus of their firm’s business in the
public sector. The leading response was “design” with 45 responses (38.8%). Figure
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4.11 illustrates other possible choices and the associated responses. The following
question was very similar but instead asked the respondents to indicate their primary
focus in the private sector. The leading response was “commercial design” with 33
(28.0%) responses. Other possible choices and responses are presented in figure 4.12.
The final question in the Firm and Project Information section asked the participants to
indicate the percentage of their projects occurring within the following environments:
urban, suburban, rural, aquatic, and other. A definition of each environment type was
provided to establish a standard measure. The majority of the respondents indicated that,
on average, 25.4% of their projects are suburban (new development). Other responses
included urban retrofits (18.2%), urban new development (21.9%), suburban retrofits
(13.4%), rural (14.6%), aquatic (4.6%), and other (1.9%). Figure 4.13 illustrates these
results.
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Figure 4.11. Primary focus of work in public sector as indicated by respondents
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Figure 4.12. Primary focus of work in private sector as indicated by respondents
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Figure 4.13. Percentage of respondents’ projects within various environments

4.4 BMP/LID Background
The BMP/LID Background section of the survey was intended to query design
professionals’ perceptions and adoptions of stormwater practices in the study area. The
section introduced the participants with a definition of LID and BMPs to establish a
standard perception measure. When asked to indicate their familiarity in designing PostConstruction BMP stormwater solutions, the participants’ responses indicated the
following: 43 (39.1%) were “very familiar,” 50 (45.5%) were “somewhat familiar,” 12
(10.9%) were “neutral,” 3 (2.7%) were “not familiar,” and 2 (1.8%) had “never heard of
it.” Similarly, when asked to indicate their familiarity in designing Low Impact
Development (LID) solutions, the results showed that: 23 (20.9%) were “very familiar,”
72

56 (50.9%) were “somewhat familiar,” 17 (15.5%) were “neutral,” 11 (10.0%) were “not
familiar,” and 3 (2.7%) had “never heard of it.” Table 4.2 summarizes these responses.
Table 4.2. Familiarity in designing or installing BMP/LID stormwater solutions

The respondents were provided a list of fifteen BMP/LID strategies and asked to
select all types that they were familiar with. The top three responses were wet retention
pond (89.3%), grass swale (88.4%), and dry detention pond (87.5%). Figure 4.14
provides a list of the available choices and the tallied responses. The following question
contained the same list of BMP/LID strategies. Instead of querying their general
familiarity with, this question asked the respondents to select all types of BMP/LID
strategies that they have actually designed and/or installed. The top three responses
again were grass swale (68.5%), dry detention pond (67.6%), and wet retention pond
(65.7%) as shown in figure 4.15. However, it is worth noting that there was a significant
reduction from familiarity with to designed and/or installed amongst all fifteen types of
BMP/LID choices. Figure 4.16 illustrates the response differences between each
BMP/LID type.
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Figure 4.14. Familiarity with various types of BMP/LID strategies
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Figure 4.15. Various types of BMP/LID strategies designed and/or installed
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Figure 4.16.

Respondents’ “familiarity with” compared to “designed or installed” of
various types of BMP/LID strategies

In Question 19 (figure 4.17), the design professionals were asked, “For projects in
which BMPs were designed, what was the reasoning for the design decision? Check all
that apply.” The leading responses were “Required to satisfy local, state, or federal
requirements” (76.6%); “Sound ecological practice” (43.2%); “Recommended by firm”
(42.3”); and “Requested by the client” (26.1%). Figure 4.17 shows the breakdown of
responses to the provided choices. In reference to the previous question, if BMPs were
required to satisfy local, state, or federal requirements, the respondents were asked to
indicate the level of government which was the primary driving force. The leading
response was local (31.5%), as opposed to state (23.1%) or federal (11.1%) government
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as shown in figure 4.18. Alternatively, for projects in which BMPs were not included as
part of the design, the respondents were asked to indicate the reasoning for the decision.
The leading responses were “Too costly” (37.3%), “Not required in past” (31.8%), and
“Client opposition” (30.0%). Figure 4.19 shows the available choices and the breakdown
of responses.

Figure 4.17. Respondents’ reasoning for including BMPs as part of the design
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Figure 4.18. Level of government requiring BMPs

Figure 4.19. Respondents’ reasoning for not including BMPs as part of the design
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4.5 Technology
Technology has assumed a prominent role in the design profession today.
Therefore, the technological skills and preferences of designers in planning and designing
stormwater solutions were investigated in the survey. Some of the goals of this research
were to identify the comfort level in certain technological applications and determine the
designers’ preferences for developing a new modeling tool. The intent of these questions
was introduced to the respondent in a brief paragraph at the beginning of the section.
The first question asked the design professionals to indicate their comfort level in
certain technological applications. The majority of the respondents indicated that they
were “very comfortable” with the Internet (92%), Microsoft Excel (61.9%), AutoCAD
(51.8%), and GPS (27.0%). On the opposite end of the comfort level range, watershed
models BASINS and HSPF were reported as “not applicable” at 54.3% and 55.8%,
respectively. Table 4.3 illustrates these responses in terms of comfort level for each
listed application. A similar question was presented which asked the respondents to
indicate their frequency of use of the same applications. The greater part of the
respondents indicated using the Internet (92.9%), Microsoft Excel (55.8%), and
AutoCAD (57.7%) on a daily basis. Nearly all of the other tools (Microstation, ArcView,
ArcGIS, BASINS, HSPF, and ERDAS) were reported most often as “never” used. Table
4.4 illustrates these responses in terms of frequency of use.
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Table 4.3.

Respondents’ comfort level in certain technological applications

Table 4.4. Respondents’ frequency in use of certain technological applications

The questionnaire proceeded to propose the question: “If an all-inclusive, userfriendly model was available for assessing site plans that was capable of calculating preand post-development runoff, calculating pollutant loading rates, proposing BMP/LID
stormwater solutions, and computing cost components of implementing such strategies,
what is the likelihood that you would use such a model to consider these alternatives in
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designing stormwater solutions?” Of the 112 design professionals who responded to the
question, 42 (37.5%) indicated their likelihood of use as “certain,” 35 (31.3%) as
“likely,” 23 (20.5%) as “possible,” six (5.4%) as “not likely,” and six (5.4%) as “would
not use.” Figure 4.20 illustrates a graphic of this distribution.

Figure 4.20. Respondents’ likelihood for using a user-friendly BMP/LID model
When asked to indicate their interface preference if such a model existed, the
leading response was “CAD linked with a Spreadsheet” (55.9%), as opposed to
“Spreadsheet only” (20.7%) or “GIS linked with a Spreadsheet” (8.1%). Seventeen
(15.3%) of the respondents indicated “no preference” on the interface. The interface
preferences and responses are shown in figure 4.21. If a model such as the one the
described existed, the majority of the respondents (30.6%) indicated that they would be
willing to pay $500-$1000 for a site license, while 19 (17.1%) respondents stated that
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they would “only be interested if it was free.” Figure 4.22 illustrates the breakdown in
price ranges and responses.

Figure 4.21. Respondents’ interface preference of the described model

Figure 4.22. Respondents’ willingness to pay for a site license of the described model
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The final question in the survey asked the design professionals to describe their
perception of the future of LID and BMP adoption within the design industry. Sixty-two
responses were received with an overall optimistic outlook. For a complete listing of
these perceptions, or to view the entire results of the survey, see Appendix C.

4.6 Cross Tabulation of Results

4.6.1 Introduction
In addition to the individual responses to the questionnaire, the researcher sought
to further identify trends based on the differences in educational background between
civil/environmental engineers and landscape architects. Although civil/environmental
engineers and landscape architects are design professionals responsible for stormwater
design, the knowledge and skills of these professionals were believed to vary in many
aspects of design. Testing this hypothesis through the use of a cross-tab analysis, the
researcher believed that this analysis would demonstrate a variation between the
disciplines in their (1) perception and knowledge of BMPs/LID and (2) skills in related
technological applications. Identifying these trends and offering recommendations for
the future development simplified stormwater modeling tools could help bridge the gap
between the two professions, and ultimately facilitate more holistic and integrated
stormwater design.
There are a countless number of cross-tab analyses that could be performed on the
survey results. However, a cross-tab analysis of these two disciplines was believed to
provide the most appropriate results for the purposes of this research. Only the most
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relevant results from the cross-tab analysis are included in this section. For a full
documentation of cross-tab analyses, including demographics and firm and project
information, see Appendix D.

4.6.2 BMP/LID Background
When provided a list of fifteen common BMP/LID strategies, landscape architects
indicated a higher degree of familiarity than civil/environmental engineers amongst all
types, except for dry pond (detention) and wet pond (retention). Table 4.5 and figure
4.23 illustrate the differences in familiarity between the two disciplines. The following
question provided the same fifteen BMP/LID strategies and asked the respondents’ to
check all types that they have designed and/or installed. Again, landscape architects
indicated a greater response to having designed and/or installed BMP/LID strategies than
civil/environmental engineers, with the exception of dry pond (detention) and subsurface
detention. These results are illustrated numerically in table 4.6 and graphically in figure
4.24. It is also worth noting that there was a significant reduction between general
“familiarity with” and “designed and/or installed.” This reduction was also observed in
the general results (Section 4.4, figure 4.16) and is illustrated in the cross-tab analysis by
comparing figure 4.23 to 4.24.
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Table 4.5. Civil engineers vs. Landscape architects: Familiarity with various types of
BMP/LID strategies
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Figure 4.23.
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Table 4.6. Civil engineers vs. Landscape architects: Various types of BMP/LID
strategies “designed and/or installed”
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Figure 4.24.
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When asked to indicate the reasoning for designing BMPs on projects, both
civil/environmental engineers (73.8%) and landscape architects (78.1%) indicated that
the primary reasoning was “to satisfy local, state, or federal requirements.” This
comparison is illustrated in table 4.7. Additionally, civil/environmental engineers
indicated the state-level (35.0%) as the primary driving force, while landscape architects
indicated local-level (35.9%) government as the primary driving force. Table 4.8 shows
these responses. Alternatively, when asked to indicate the reasoning for not including
BMPs on projects, civil/environmental engineers most frequently indicated “not required
in past” (39.0%), while landscape architects indicated “too costly” (40.6%) and “client
opposition” (39.1%). These results are displayed in table 4.9.
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Table 4.7. Civil engineers vs. Landscape architects: Design decision for including
BMPs on projects
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Table 4.8.

Civil engineers vs. Landscape architects: Level of government requiring
BMPs
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Table 4.9. Civil engineers vs. Landscape architects: Design decision for not including
BMPs on projects

4.6.3 Technology
When asked to indicate their comfort level in certain technological applications,
civil/environmental engineers and landscape architects responded most frequently that
they were “very comfortable” using: Internet (93.2% and 90.6%, respectively), Microsoft
Excel (81.8%; 46.9%), and AutoCAD (45.5%; 59.4%). However, the following
applications were indicated most frequently as “not applicable” by both
civil/environmental engineers and landscape architects: BASINS (45.2% and 63.3%,
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respectively) and HSPF (47.6%; 65.5%). The majority of civil/environmental engineers
indicated their comfort level with ArcView (27.3%) and ArcGIS (31.8%) as “neutral.”
Landscape architects indicated their comfort level in these GIS applications as “not
applicable” for ArcView (24.2%) and ArcGIS (26.2%).
When presented with the same applications and asked “how often do you use the
following applications when working on a project,” civil/environmental engineers and
landscape architects indicated “everyday” most frequently on: Internet (90.9% and
93.8%, respectively), Microsoft Excel (68.2%; 43.8%), and AutoCAD (48.8%; 67.2%).
BASINs was indicated most frequently by civil engineers as “never” (54.8%) and by
landscape architects as “never” (46.7%) and “not available for use” (50.0%). HSPF
yielded nearly identical results. Both GIS applications, ArcView and ArcGIS, were
reported by both professions most frequently as “never.” Due to the length of these
results, the cross-tab analysis on technological applications is presented in Appendix D.
The results from the cross-tab analysis on the likelihood for using an all-inclusive
user-friendly model for designing BMP/LID solutions showed that civil/environmental
engineers were 32.6% “certain” and 32.6% “likely” that they would use such a tool if one
existed. Landscape architects, on the other hand, were 40.6% “certain” and 29.7%
“likely” that they would use the tool. These results are summarized in table 4.10.
Finally, the majority of both civil/environmental engineers (42.9%) and landscape
architects (65.6%) indicated a preferred interface of “CAD linked with a Spreadsheet” as
shown in table 4.11.
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Table 4.10.

Civil engineers vs. Landscape architects: Likelihood for using described
model for designing BMP/LID solutions

95

Table 4.11.

Civil engineers vs. Landscape architects: Interface preference of
described model
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CHAPTER 5
DISCUSSION
This chapter discusses the results of the survey and integrates supporting evidence
from the literature into the discussion. This discussion is divided into the following
sections: Demographics, Firm and Project Information, BMP/LID Background, and
Technology.

5.1 Demographics
The survey was successful in reaching its target audience of design professionals.
Individuals with educational backgrounds in landscape architecture and
civil/environmental engineering combined made up 93.6% of the survey population.
However, landscape architects (55.3%) responded more frequently than
civil/environmental engineers (38.3%). It is unknown whether the initial population was
distributed evenly amongst these professionals. A large number of these professionals
(73.3%) practice as licensed Professional Engineers (PE) and Registered Landscape
Architects (RLA). Typically, these individuals are the decision-makers responsible for
proposing, planning, designing, and implementing stormwater strategies on land
development projects.
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5.2 Firm and Project Information
Geographically, the survey was targeted toward design professionals who practice
in coastal portions of Alabama, Louisiana, and Mississippi. Almost 50% of the
respondents indicated that the majority of their projects occur within proximity to the
following cities: Baton Rouge, LA; New Orleans, LA; Gulfport, MS; Hattiesburg, MS;
and Mobile, AL. Responses from these individuals could prove beneficial to a number of
organizations who support coastal watershed research. An organization such as the
Northern Gulf Institute (NGI), which supports watershed and ecosystem protection
research and is a partial funder of this study, may find the results of this study valuable in
understanding design professionals’ perceptions of managing stormwater sustainably.
The majority of the design professionals (77.1%) indicated that the typical size of
their projects is less than 50 acres in size (figure 4.10). This response indicates that the
majority of their work is site-level design. As the literature suggests, sustainable
stormwater management is accomplished by managing stormwater through the use of onsite, small-scale control measures such as BMPs (Holman-Dodds 2007; U.S. EPA 2008).
The design professionals also indicated that the majority of their projects are new
development. The leading responses to the location of their projects were suburban new
development (25.4%) and urban new development (21.9%). The primary regulations
driving stormwater quality management today – NPDES Phase I and II – apply to new
development, construction sites. Depending on the population of the municipality and
size of the construction site, these regulations require designers to prepare a stormwater
pollution prevention plan that describes the sources of pollution and proposes prevention
and control measures. Considering the typical size and location of their projects, this
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group of design professionals is evidently challenged to meet these requirements. As
cities grow and governmental regulations become more stringent, the adoption of BMPs
will have no choice but to follow.

5.3 BMP/LID Background
After reviewing the history and evolution of stormwater management through
paradigms, there is no doubt that stormwater management is emerging into a more
sustainable approach – one that manages for runoff quantity, addresses for water quality,
provides for ecosystem services, and increases aesthetic value. BMPs and LID are two
well-documented approaches capable of managing stormwater runoff in accordance to
today’s sustainable stormwater paradigm. As indicated by the survey results, this group
of design professionals was surprisingly familiar with designing both BMP and LID
stormwater solutions (as seen in table 4.2). As expected, the respondents tended to be
more familiar with the design of BMPs (84.6% somewhat to very familiar) than LID
(71.8% somewhat to very familiar) strategies. The term BMP tends to be more widely
used and accepted in the design profession (Holman-Dodds 2007), by governmental
agencies, and in the literature. This may be true because the concept of LID did not
evolve until approximately a decade after BMPs were introduced. However, the overall
goal of each of these strategies in managing stormwater is generally the same.
The results to Question 17 (figure 4.14) which asked “Which types of BMPs or
LID strategies are you familiar with? Check all that apply” were quite interesting. The
dominant responses of grass swale (88.4%), dry detention pond (87.5%), and wet
retention pond (89.3%) were expected, as these are more traditional types of post99

construction BMPs. However, these responses might pose many opposing beliefs in
terms of sustainable stormwater management. While some professionals may classify
such practices as “sustainable,” others may regard detention and retention ponds as
traditional, large-scale, end-of-pipe stormwater solutions. If grass swales, dry detention
ponds, and wet retention ponds were removed from the equation, the dominant responses
would include vegetated swale (76.8%), porous pavement (74.1%), constructed wetland
(64.3%), and subsurface detention (64.3%). This question also included a response
choice of “other” to allow for additional input of BMP/LID examples, which may have
been neglected. Two of the responses included “silt fencing and hay bales/straw.” While
both examples are, in fact, construction sediment control BMPs, the survey clearly
specified its intent in gathering perceptions of post-construction BMPs, or engineeredlandscape features.
The leading responses of the following question (figure 4.15), in which
respondents were asked to select the types of BMP/LID strategies that they have designed
and/or installed, were very comparable to the familiarity question. However, a
significant reduction was reported between familiarity with the concept and actual design
of all fifteen BMP/LID strategies provided (as seen in figure 4.16). The greatest
deviation between familiarity and design was that of constructed wetlands (43%
difference) and green roofs (40.7% difference). This is perhaps an indication that
designers are in fact familiar with these concepts, but they have not been adopted as
stormwater solutions.
Cross-tab analysis of educational background (civil/environmental engineers
versus landscape architects) versus BMP/LID knowledge (figures 4.23 and 4.24)
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indicated that landscape architects exhibited a higher degree of familiarity amongst all
“non-traditional” types of BMP/LID strategies. Based on this analysis, the results show
that landscape architects are not only more familiar with common BMP/LID strategies,
but they also design and/or install these solutions more frequently.
Historically, as found in the literature, environmental concerns and governmental
requirements have been two of the leading factors which have influenced the adoption of
a more sustainable approach to stormwater management. These findings are consistent
with the results of the survey. For projects in which BMP and LID strategies were
included as part of the design, the majority of the design professionals (76.6%) indicated
that these techniques were utilized to satisfy local, state, and federal requirements (see
figure 4.17). Only 29 (26.1%) of the design professionals indicated that BMP techniques
were “requested by the client.” This is perhaps an indication that clients, or the general
public, are not aware of these alternatives to managing stormwater. Public outreach may
be an opportunity to educate the public and involve the community in understanding the
value of managing stormwater sustainably. This idea is also supported by the responses
to the following question (Question 20, figure 4.18), which shows that the local level of
government was the primary driving force on requiring these practices.
Alternatively, in Question 21 (figure 4.19), for projects in which BMPs were not
included as part of the design, respondents indicated three leading factors have hindered
their adoption. These included cost (37.3%), not required in the past (31.8%), and client
opposition (30.0%). The cost perception of BMPs/LID could perhaps be altered if tools
were available, which estimated the costs of traditional versus sustainable stormwater
solutions. Clients’ opposition to these alternatives could also be mitigated if they fully
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understood the cost of these practices and their added value. However, only a very small
percentage (4.5%) of the respondents indicated “lack of tools and technology” as a reason
for not designing BMPs.
The responses to Questions 19 and 21 (“required to satisfy local, state, or federal
requirements” and “not required in the past”) show overwhelming evidence that
governmental requirements are the primary driving force in the implementation of these
stormwater practices. As stormwater legislation, such as NPDES Phase II, evolves and
becomes more stringent, the requirements for managing stormwater on-site with smallscale BMP/LID techniques will evolve as well. Until the adoption of these practices is
mandated on all levels of government, many design professionals will most likely
continue to use traditional practices, or in many cases no management at all, in dealing
with stormwater runoff.

5.4 Technology
Many of the findings from the literature on common stormwater methods and
models are consistent with the responses in the technology section of the survey. It is
evident in the literature that many of the most commonly-used methods, such as the
Rational Method and SCS-CN method, are widely-accepted within the design profession.
However, these methods are limited to peak flow and runoff volume computations. Thus,
while these are popular and simple methods capable of sizing stormwater facilities, they
do not provide any water quality or pollutant consideration. Additionally, these methods
are typically executed through a series of manual computations or spreadsheet analyses,
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which may prove inefficient to may designers. Despite their popularity, these methods
by themselves are not suited for comprehensive BMP/LID analysis.
Based on the literature review of the six common stormwater models (Section
2.3), only four of the models reviewed allow for water quality simulation, which is a
fundamental component of BMPs and LID. These four models include HSPF, BASINS,
SWMM, and HydroCAD. Of these four models, only three have integrated BMP/LID
simulation capabilities: HSPF, BASINS, and SWMM. While the models reviewed in this
study are very comprehensive, the complexity of these programs can be quite
overwhelming to the typical site designer and decision maker. For example, HSPF,
which meets the BMP/LID criteria, must be executed from a DOS or DOS command
prompt. This would suggest a limited user population. Assuming BASINS and SWMM
are easy-to-use models, their capabilities for integrated BMP/LID analysis make them the
only two models reviewed applicable to this study. However, much of the literature
describes these tools as requiring specialized knowledge or training and being difficult to
use. The following quotations from recent literature summarize the current trends of
stormwater models and emphasize their complexity:7
•

“lack of user-friendliness” (Singh and Frevert 2006, 6)

•

“lack good interface design” (in reference to HEC-1, TR-20, and SWMM)
(Al-Sabhan, Mulligan, and Blackburn 2003, 17)

•

“have a ‘learning curve’” (in reference to SWMM) (Akan and Houghtalen
2003, 327)

7

These quotes are directed towards stormwater/watershed models in general unless specifically

noted.
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•

“require considerable expertise in hydrological data and model application”
(Al-Sabhan, Mulligan, and Blackburn 2003, 10)

•

involve “large data requirements” (Singh and Frevert 2006, 6)

•

“require intensive data development for input” (Al-Sabhan, Mulligan, and
Blackburn 2003, 17)

•

“few [watershed models] are well integrated with spatial modeling
environments (GIS) and are capable of non-expert implementation” (AlSabhan, Mulligan, and Blackburn 2003, 10)

Additionally, much of the literature on stormwater modeling describes the future
demands of stormwater models. According to these sources, the future development of
stormwater models must:
•

be more user-friendly and flexible (Al-Sabhan, Mulligan, and Blackburn
2003; Donigian and Imhoff 2006; Singh and Frevert 2006)

•

require minimal hydrologic expertise (Singh and Frevert 2006)

•

integrate new and emerging technologies such as GIS (Singh and Woolhiser
2002; Al-Sabhan, Mulligan, and Blackburn 2003; Singh and Frevert 2006)

•

address environmental and ecological considerations (Singh and Woolhiser
2002; Singh and Frevert 2002, 2006)

•

be applicable for planning and decision making (“models will be required to
be practical tools – readily usable in planning and decision making” Singh and
Frevert 2006, 12)

These statements from the literature are consistent with the results of the survey.
Two well-documented models, HSPF and BASINS, were included in the survey and are
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believed to represent similar stormwater models. However, the responses to the comfort
level and frequency (table 4.3 and 4.4) of use of both models were not only consistent,
but surprising. Less than 5% of the respondents felt comfortable with HSPF and
BASINS, and over 90% indicated that these tools are “never used” or “not available for
use.” These results are believed to represent the complexity of comparable stormwater
models available to design professionals today. Even though both of these tools have
integrated BMP/LID modeling capabilities (as seen in table 2.1), HSPF and BASINS
evidently are not widely-used or accepted by this group of design professionals.
Other technological applications besides stormwater models were included in the
survey to gain a better understanding of the design professionals’ comfort level and use
(table 4.3 and 4.4). Many of these applications were included because of their potential
to be interfaced as stormwater tools. The results of the survey show that 100% of the
design professionals are “moderately to very comfortable” in using the Internet and that
92.9% use it everyday. Microsoft Excel was also reported as highly comfortable and
frequently used. According to the respondents, Microsoft Excel is used at least once a
week by 82.3% of the design professionals. Of those users, 86.7% are “moderately to
very comfortable” in using the software. AutoCAD was also indicated at a high level of
comfort (moderately to very comfortable, 69.7%) and use (at least once a week, 70.3%).
These results indicate that the Internet, Microsoft Excel, and AutoCAD are widely-used
and accepted by this group of design professionals. However, less than 30% of the
respondents felt comfortable with ArcView and ArcGIS, and over 60% indicated these
tools as “never used” or “not available for use.” While the design professionals were
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generally neutral in comfort with these GIS programs, they are evidently not often
applied.
The design professionals indicated a positive response to the concept of an allinclusive, user-friendly model to assist in the implementation of BMP/LID stormwater
solutions (figure 4.20). Nearly 70% of the respondents indicated that they would “likely”
or “certainly” consider using such a tool if one was available. In addition, 50% of the
respondents said they would be willing to pay up to $1000 for a site license of such tool
(figure 4.22). When asked to indicate a preferred interface (figure 4.21), the majority of
the respondents (55.9%) indicated that they would prefer a spreadsheet linked to CAD
software, as opposed to GIS (8.1%). This result also supports the responses to comfort
level and frequency of use of both Microsoft Excel and AutoCAD, as discussed
previously.
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CHAPTER 6
CONCLUSION
Based on the results of this study, this chapter presents the overall conclusions of
this research. Using the results of this study, this chapter also offers recommendations
for the development of simplified stormwater modeling tools and suggests future research
opportunities. Limitations of this study are also discussed in this chapter.

6.1 Conclusions
Based on current literature related to stormwater, it is evident that stormwater
management has evolved (and continues to evolve) into a more sustainable, integrated
approach – one which manages runoff for quantity, treats for water quality, compliments
the ecology, and increases aesthetic value. Managing stormwater in accordance with
these standards demands the use of on-site, small-scale stormwater measures such as
BMPs and LID. BMP and LID methodologies are well-documented in the literature.
The results of the survey indicate that design professionals are in fact familiar with BMP
and LID strategies, but these techniques have only been adopted as required. As
environmental concerns expand and governmental requirements for stormwater
management become more stringent, design professionals will continually be challenged
to meet these requirements.

107

Despite the magnitude of methods and models available to designers today, there
are few that incorporate BMP/LID methodologies. Most of the stormwater models
available today have evolved into larger-scale, watershed-level models. Many of these
models include capabilities far beyond the scope of site-scale stormwater modeling.
While these models are applicable to a broad range of water-related issues (even sitelevel stormwater), their complexity is often too advanced for the typical design
professional or decision maker. The literature review and results of the survey support
this conclusion that current stormwater models are ill-suited for the typical site-scale
design professional. This conclusion is emphasized by the future demands in models as
reported in the literature. The literature suggests demands for simple, yet comprehensive,
modeling tools that integrate spatial, environmental, planning, and decision making
components.
Based on the literature review of stormwater management and modeling and the
results of the survey, it was determined that there is a demand in the design profession for
simplified stormwater modeling tools to help designers make informed decisions about
integrating BMP/LID strategies into site plans.

6.2 Recommendations
Based on the results of this study, the author is prepared to make the following
recommendations for the future development of a simplified stormwater modeling tool
applicable to design professionals:
•

User-friendly forms and application

•

Spatial component (supplementary or integrated)
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•

Environmental and ecological consideration

•

Costing component – traditional versus BMP/LID

•

Planning and decision making components

Microsoft Excel is a widely-used and accepted program by design professionals.
Considering its acceptance, ease of use, and capabilities, a spreadsheet interface meets
the recommendations for user-friendly forms and application. A spreadsheet is also
sufficient for executing many of the widely-accepted hydrologic methods such as rational
method, SCS-CN, and TR-55, but will require the interfacing of water quality parameters.
Alternatively, considering the wide acceptance of the Internet by design professionals and
the advancements in today’s Internet technologies, a Web-based interface could also
prove to be a valid interface for a stormwater model.
A spatial engine is a fundamental component of a stormwater model, but it is not
a requirement. Standalone spatial software could still be used for obtaining spatial input
data such as area, and then it can be entered into a spreadsheet. Based on the responses to
the survey, linking a spreadsheet with CAD-based software would be most accepted by
site-scale design professionals. This recommendation contradicts much of the literature,
which suggests that models should integrate GIS technology. However, the current trend
of stormwater models (or watershed models) has become centered around a watershedlevel approach, as opposed to a site-scale focus. Thus, for site-scale design, CAD-based
software may be the better alternative. If GIS technology is considered, there may be a
slight learning curve as indicated by the survey results.
As governmental requirements on non-point source pollution continue to evolve,
the requirements for managing stormwater quality to protect the environment must
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advance accordingly. BMP and LID strategies are capable of meeting these
requirements. Thus, a BMP/LID database, which includes pollutant removal efficiencies
of each technique and allows for various configurations, meets this recommendation.
A BMP/LID database for selecting various strategies is valuable for meeting
stormwater goals and requirements. However, a costing component which estimates the
cost of traditional versus BMP/LID solutions could help design professionals make
informed decisions about the feasibility of these practices. Additionally, the costing
component could be used as a marketing tool to help design professionals “sell”
BMP/LID strategies to clients. The BMP/LID database should be regionally specific to
not only account for variations in cost, but also pollutant removal effectiveness.
Planning and decision making capabilities is a fundamental component of future
stormwater models. A model, which allows designers to quickly and effectively simulate
the effectiveness of various BMP/LID scenarios in meeting pre-development hydrology
and water quality requirements during the planning phase, could facilitate the
implementation of these practices. A BMP/LID database in conjunction with a costing
component would allow design professionals to make informed decisions about the most
appropriate and cost-effective strategies in meeting stormwater goals and requirements.

6.3 Limitations of this Study
There are several limitations to this study worth mentioning. First, the review of
models does not include every model applicable to this study. A more comprehensive
inventory of hydrologic models was developed by Singh et al. (2006). This inventory is
available online at http://hydrologicmodels.tamu.edu/. Second, there are several
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limitations of the survey worth mentioning. The selected method of distribution of the
survey (direct and indirect) did not allow an initial population and response rate to be
determined. However, valuable baseline data was obtained from design professionals,
and 113 responses is believed to provide a representative population of the study area.
As mentioned previously, the results of the survey are limited in scope to design
professionals in the NGI region, which includes coastal areas of Alabama, Louisiana, and
Mississippi. The survey itself had limitations as well. Many of the methods and models
discussed in the literature review were not included in the technology section of the
survey. Many were excluded because they are not capable of integrated BMP analysis.
However, BASINS and HSPF were included and are believed to provide a representation
of the complexity of similar stormwater models.

6.4 Future Research
While the literature represents design professionals nationwide, the survey is
limited in scope to design professionals in the NGI region. Thus, this population
represents only a sub-region of the southeastern United States. However, the results of
the study could be relevant to other regions of the United States and even nationwide.
Future research efforts could include a similar regional study to determine how design
professionals’ perceptions and adoptions of BMPs/LID and technological skills vary
across the United States. With minor modifications, the survey could be adjusted and
improved for a national population. The greatest challenge in a national study would be
generating a representative population of design professionals nationwide. A similar
national study of existing stormwater management manuals, particularly those with BMP
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guidance, could also identify regional trends in BMP adoption. An inventory of city,
county, and state governments throughout the United States who have adopted
stormwater manuals could provide quite interesting results. The results of such a study
could potentially serve as guidance to municipalities interested in adopting (or updating)
stormwater requirements.
Using the baseline data and recommendations from this study, the development of
the described simplified stormwater modeling tool was initiated. This model, known as
the Low Impact Development Implementation Assessment (LIDIA) tool, currently
utilizes a Microsoft Excel spreadsheet interface due to its simplistic nature. In its current
stage, LIDIA, is comprised of four screens: Site Data, Land Use/Land Cover,
Hydrographs, and Results. Screen shots of the current phase of LIDIA are available in
Appendix E.
The Site Data screen requires user input of project information and site
parameters (size, hydraulic length, and slope). Rainfall data for the study area (Alabama,
Louisiana, and Mississippi) is incorporated into the model and can be selected by county.
After selecting a design storm, the user is able to proceed to the Land Use/Land Cover
screen. Land use/land cover and soil type of each land use area on the site must be
entered for both pre- and post-developed conditions. Once complete, these inputs are
summarized and a pre- and post-development runoff curve number (CN) is generated.
The user is then able to proceed to calculate the expected runoff volumes, peak flows,
and hydrographs. The LIDIA tool’s methodology is based on the widely-accepted SCSCN method. Runoff hydrographs are calculated using a CN-based method known as the
Santa Barbara Urban Hydrograph (SBUH) Method. The final screen, Results,
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summarizes the user’s inputs and displays the outputs of pre-developed versus postdeveloped conditions. See Appendix E for screen shots of LIDIA.
Future research efforts are in place to continue development of the model. These
efforts are expected to include pollutant load calculations and a BMP/LID database for
simulating the effectiveness of these strategies in meeting stormwater goals and
requirements. Research efforts are currently considering the linkage of MapWindow,8 a
non-proprietary GIS program, for spatial analysis. The main reason for selecting
MapWindow was because the program is open source (free to use and distribute). A
costing component for comparing traditional versus BMP/LID solutions has also been
discussed.

8

MapWindow is a non-proprietary, open source GIS program. It is incorporated as the spatial
engine into the current version of EPA’s BASINS. More information on MapWindow is available at:
http://www.mapwindow.org.
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24 June 2008
Dear Respondent,
A few days from now you will be receiving an e-mail containing a link to an online
survey on the use of Low Impact Development (LID) and Best Management Practices
(BMPs) within the design and development industry being conducted by a Master of
Landscape Architecture candidate at Mississippi State University.
I am writing in advance to briefly explain the purpose of this study and to notify you of
the upcoming delivery of the survey. This study is an important step in assessing the
industry’s needs and providing a foundation for the advancement of LID and BMP
techniques within our industry.
The survey specifically focuses on the design and development industry’s perceptions
and adoption of LID and BMP techniques as an alternative approach to managing
stormwater runoff. The ultimate goal with this survey is to assess the industry’s need for
a tool capable of modeling the hydrologic and water quality impacts of development and
proposing alternatives for implementing LID and BMPs into site designs.
I understand that your time is very valuable, so the survey has been condensed to 28
concise questions and should take no longer than 10-15 minutes to complete. Thank you
in advance for your consideration in contributing to the success of this study.
Sincerely,
Austin Moore
Graduate Student
Department of Landscape Architecture
Mississippi State University
Wayne Wilkerson
Graduate Advisor
Associate Professor
Department of Landscape Architecture
Mississippi State University
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27 June 2008
Dear Respondent,
I am a graduate student currently pursuing a Masters degree through the Department of
Landscape Architecture at Mississippi State University. I graduated with a Bachelors of
Science in Civil and Environmental Engineering from MSU with an emphasis in water
resources. I am presently working on a research project with Professor Wayne Wilkerson
involving the design market’s perception and adoption of Low Impact Development
(LID) and Best Management Practice (BMP) techniques within the development
industry.
The ultimate goal with this study is to identify the industry’s knowledge and
technological needs for the advancement of LID and BMP strategies within our industry.
In order to accomplish this goal, we have designed an online questionnaire to asses your
perception and adoption of LID and BMP techniques as alternatives to managing
stormwater runoff.
The survey is comprised of 28 concise questions designed to query information about
your firm, projects, knowledge, and technological skills. This study will also identify
your personal technological needs and preferences for the development of a user-friendly
site design tool.
We realize that your time is very valuable and ask that you dedicate 10-15 minutes of
your time towards the success of this study. Your responses will be kept confidential
throughout this entire study, and the analyzed results will be available upon request at the
conclusion of the survey. Thank you in advance for your consideration in participating in
this study. For questions regarding your rights as a participant in human subjects
research, please contact the Mississippi State University Office of Compliance at (662)
325-5220 or via email at irb@research.msstate.edu. If you have questions or comments,
please contact Austin Moore or Professor Wilkerson. If not, please follow the link below
to begin the survey.
https://www.surveymonkey.com/s.aspx?sm=snENsuiHvfKMc8_2fNEqkPhw_3d_3d
Sincerely,
Austin Moore
Graduate Student
Department of Landscape Architecture
Mississippi State University
E-mail: amm200@msstate.edu

Wayne Wilkerson
Graduate Advisor
Associate Professor
Department of Landscape Architecture
Mississippi State University
E-mail: gww@ra.msstate.edu
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23 July 2008
Dear Respondent,
During the past few weeks, I have sent several e-mails requesting your participation in an
online survey on the use of Best Management Practices (BMPs) in the design and
development industry as part of my Master’s thesis. Many of you have chosen to
participate in this study, and I truly appreciate you sacrificing your time and contributing
towards the success of my research. For those of you who have not yet participated, this
will be the final request, as the survey will be closed on Thursday, July 31, 2008.
The survey specifically focuses on the design and development industry’s perceptions
and adoption of LID and BMP techniques as an alternative approach to managing
stormwater runoff. The ultimate goal with this survey is to assess the industry’s need for
a tool capable of modeling both pre- and post-development conditions of site plans
designed with and without LID/BMP solutions. As a design professional in a highly
regarded market, your input towards the advancement of knowledge and technology in
our industry is greatly valued.
I realize that your time is very valuable and ask that you dedicate 10-15 minutes of your
time towards the success of this study. Your responses will be kept confidential
throughout this entire study, and the analyzed results will be available upon request at the
conclusion of the survey. If you are interested in receiving the results of this study and
did not provide an e-mail address at the conclusion of the survey, you can contact me or
Professor Wilkerson, and we will be happy to share the results with you when those
become available.
I hope that you will consider providing your responses to a constantly growing topic
within our industry. For questions regarding your rights as a participant in human
subjects research, please contact the Mississippi State University Office of Compliance at
(662) 325-5220 or via email at irb@research.msstate.edu. If you have questions or
comments, please contact Austin Moore or Professor Wilkerson. If not, please follow the
link below to begin the survey.
https://www.surveymonkey.com/s.aspx?sm=snENsuiHvfKMc8_2fNEqkPhw_3d_3d
Sincerely,
Austin Moore
Graduate Student
Department of Landscape Architecture
Mississippi State University
E-mail: amm200@msstate.edu

Wayne Wilkerson
Graduate Advisor
Associate Professor
Department of Landscape Architecture
Mississippi State University
E-mail: gww@ra.msstate.edu
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APPENDIX C
COMPLETE SURVEY RESULTS
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Figure C.1. Question 1: Gender

Figure C.2. Question 2: Age range
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Figure C.3. Question 3: Highest educational degree
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Figure C.4. Question 4: Educational background

Table C.1. Question 4: Responses to “Other (please specify)”
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Figure C.5. Question 5: Current job title
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Table C.2. Question 5: Responses to “Other (please specify)”
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Figure C.6. Question 6: Registration/licensure

Table C.3. Question 6: Responses to “Other (please specify)”
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Figure C.7.

Question 7: Frequency of conference, seminar, workshop, or training
session attendance

Figure C.8. Question 8: Size of firm
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Table C.4. Question 9: Percentage of professional staff within firm

Figure C.9. Question 10: Location of projects
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Table C.5. Question 10: Responses to “Other (please specify)”
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Table C.5. Continued
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Figure C.10. Question 11: Size of projects

Table C.6. Question 12: Public vs. private sector work
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Figure C.11. Question 13: Focus of work in public sector

Table C.7. Question 13: Responses to “Other (please specify)”
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Figure C.12. Question 14: Focus of work in private sector

Table C.8. Question 14: Responses to “Other (please specify)”
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Table C.9. Question 15: Percentage of projects in various environments
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Table C.10. Question 16: Familiarity in designing or installing BMPs and LID

Table C.11. Question 16: Comments
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Figure C.13. Question 17: Familiarity with common BMP/LID strategies
Table C.12. Question 17: Responses to “Other (please specify)”
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Figure C.14. Question 18: Common BMP/LID strategies designed and/or installed
Table C.13. Question 18: Responses to “Other (please specify)”
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Figure C.15. Question 19: Reasoning for designing BMPs on projects

Table C.14. Question 19: Responses to “Other (please specify)”
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Figure C.16. Question 20: Level of government requiring BMPs
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Figure C.17. Question 21: Reasoning for not designing BMPs on projects

Table C.15. Question 21: Responses to “Other (please specify)”
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Table C.16. Question 22: Comfort level in technological applications
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Table C.17. Question 23: Frequency in use of technological applications
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Table C.18. Question 24: Familiarity with certain spreadsheet-based models

161

Figure C.18. Question 25: Likelihood for using the described tool

Table C.19. Question 25: Comments
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Figure C.19. Question 26: Interface preference for described tool

Figure C.20. Question 27: Willingness to pay for described tool
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Table C.20.

Question 28: Open-ended responses to the perception of the future of
BMP/LID adoption
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Table C.20.

Continued
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Table C.20.

Continued
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Table C.20.

Continued

Figure C.21. Question 29: Thank you/E-mail/Comments
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Table D.1. Gender vs. educational background

Table D.2. Age range vs. educational background
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Table D.3. Highest educational degree vs. educational background
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Table D.4. Educational background vs. educational background
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Table D.5. Job title vs. educational background
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Table D.6. Registration/licensure vs. educational background
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Table D.7. Professional attendance vs. educational background
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Table D.8. Size of firm vs. educational background
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Table D.9. Professional staff vs. educational background
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Table D.10. Project location vs. educational background

Table D.11. Size of projects vs. educational background
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Table D.12. Public/private sector work vs. educational background
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Table D.13. Focus of public sector work vs. educational background

179

Table D.14. Focus of private sector work vs. educational background
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Table D.15. Project environment vs. educational background
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Table D.16. Familiarity in designing BMP/LID vs. educational background
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Table D.17. Familiarity with common BMP/LID strategies vs. educational background
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Table D.18. Types of BMP/LID strategies designed and/or installed vs. educational
background
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Table D.19. Reasoning for including BMPs on projects vs. educational background
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Table D.20. Level of government requiring BMPs vs. educational background
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Table D.21. Reasoning for not including BMPs on projects vs. educational background
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Table D.22. Comfort level in technological applications vs. educational background
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Table D.22. Continued
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Table D.22. Continued
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Table D.22. Continued
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Table D.23. Frequency of use in technological applications vs. educational background
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Table D.23. Continued
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Table D.23. Continued
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Table D.23. Continued
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Table D.24.

Familiarity with certain spreadsheet-based models vs. educational
background
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Table D.24.

Continued
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Table D.25.

Likelihood for using described model vs. educational background
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Table D.26.

Interface preference of described model vs. educational background

Table D.27.

Willingness to pay for described model vs. educational background
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APPENDIX E
THE LOW IMPACT DEVELOPMENT IMPLEMENTATION ASSESSMENT
(LIDIA) TOOL
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Figure E.1. Site Data screen of LIDIA

Figure E.2. Land Use/Land Cover screen of LIDIA
201

Figure E.3. Hydrographs screen of LIDIA

Figure E.4. Results screen of LIDIA
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